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PREFACE TO SECOND EDITION
We are very happy to have a second printing of the 
Proceedings of the First International Symposium on Low-Cost 
Housing Problems Related to Urban Renewal and Development. 
The rather quick and large demand of this publication proved 
to us, once more, the importance and timeliness of the 
concern on the topic of housing technology and production. 
The contributions from eighteen nations painted a real 
picture of housing conditions and needs around the world.
The fifty-one technical papers included in this volume 
have been selected intentionally in various aspects of 
housing to draw a complete and meaningful picture of the 
topic. This is imperative since a successful housing pro­
ject cannot be isolated from the social and economic 
environment. All pertinent factors related to housing 
should be defined and considered in the planning process.
An INTEGRATED SYSTEMS APPROACH is the only means to secure 
success in any housing project. This will be the theme of 
the Second International Symposium to be held on April 24-25, 
1972. The encouragement and positive comments which were 
conveyed to me after the conference are the foundations of 
this second Symposium.
The faculty of the Civil Engineering Department and the 
members of the Extension Division should be cited for their 
contributions and cooperation for the success of this first
Symposium.
Rolla, Missouri Oktay Ural
October, 1971
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LOW COST HOUSING IN EUROPE
By
Sydney Lenssen*
Ever since man first inhabited caves for shelter and 
comfort, there has been a need for low-cost housing, and in 
no country so far, has this need been met in full. Always 
there is an excess demand. In the main this is because the 
growth in population exceeds the net increase in modern 
housing. At the same time, the term "low-cost" is relative 
to the society concerned and the standards which people in 
that society are prepared to accept.
To be more specific, what happens in most developed 
industrial communities is that land becomes scarce and there­
fore expensive, and severe constraints are placed on the 
resources available for housing. House prices rise, and in 
many cases exceed the cost that poorer people can afford to 
pay or borrow. Since homelessness is for the most part 
socially unacceptable, governments go through all sorts of 
contortions in order to subsidize or help those people who, 
if fully free market forces were allowed to dictate, would 
remain homeless or be forced to live in over-crowded, old- 
fashioned and inadequate homes.
Britain, to take an example, has a system of local 
authority housing to help poorer people. This method is 
fairly indiscriminate and subsidies vary from town to town. 
Each year some 14 million people are re-housed in new homes 
and about half of these pay rent for a local authority owned 
house or flat.
The standards and quality accepted in Britain might be 
questioned, but it is something of an achievement that Britain 
will soon have a statistical balance between the number of 
families needing a home and the houses available.
Of course, this does not mean the end of the housing 
problem. Housing has to be in the right place, and it serves 
no good to have 500 empty houses in the north if jobs are only 
available in the south.
Then there are 1.8 million homes in Britain classified 
as unfit for human habitation by "Shelter", the national cam­
paign for the homeless, and about 4fc million houses are said 
to be "in need of repair and lacking in facilities, up to 
standard".
A very real problem is that as the housing shortage 
becomes less spectacular and as the "end" comes into view, 
then society tends to be even less willing to help the less 
fortunate and less prepared to devote an adequate proportion 
of its national resources to housing.
For the last two years Britain has spent proportionately 
less on housing than any other western European country.
In 1968, the average percentage of gross national product 
devoted to housing in western Europe was 5.3 per cent with 
Switzerland leading at a figure close to 7 per cent and UK 
lowest at 3.7 per cent.
Peak production of houses in Britain was reached in 
1968 when more than 400,000 new homes were produced - in a 
country of 55 million people. Economic pressures which have 
rippled round the World in recent years have reduced this 
total since. Last year, the achievement was just over
350,000. To guess what might happen in the future is diffi­
cult, but it would be surprising if figures ever climb as 
high again as in 1968. For the foreseeable future, even if 
the figures balance, new production should not fall below
300,000 dwellings each year.
The critical factor in all this is the "constraint on 
the resources available" - what people are prepared to spend 
money on once they are fed and clothed - what relative 
priority a family attaches to a comfortable home and its two 
or three year old car. The attack on housing depends on how 
many men and women can be afforded to work on home-building 
and associated manufacturing.
In 1965, the British Government's aim was quite clear.
In a famous White Paper, "The Housing Programme 1965/1970’,’ it 
set a target of 500,000 new houses or flats each year by 
1970. To achieve this at the 1965 level of productivity, said 
the document, would mean involving 100,000 more men on house 
building sites, many of them skilled in various trades - 
bricklaying, plastering or woodworking. These men "just will 
not be available. The industry will therefore have to increase 
productivity greatly, and this means industrialisation in all 
its aspects".
The US Housing Act of 1968 set a target of 26 million 
new and rehabilitated units over the next ten years, 6 million 
of them subsidised and presumably classed as "low-cost". In 
1969, the US total was 1.45 million. Predicted output for 
this year is put at 1.26 million.
Labour pay rates are currently rising by some 15 per 
cent each year, the cost of new homes by about 10 per cent and 
interest charges remain high. As in Europe, there must be 
more and more people with moderate - no longer low - incomes 
who have been priced out of the market for single residence 
homes.
This leads to perhaps the best definition of low cost 
housing. It is that part of the housing programme which is 
designed to produce far more homes from the same manpower 
resources, and for the most part it is aimed to cater for 
those families who cannot afford to go to the free market.
It is of course possible, by traditional means, to pro­
duce low-cost houses - smaller cheaper houses or flats in 
timber, steel, bricks or blocks - by organising the market 
and spreading existing resources. But to make a significant 
impact, the numbers involved mean industrialisation or system 
building. Work has to be taken away from the dust or mud of a
‘Editor, Construction News, London, England.
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piece-meal, open site and into a permanent or temporary
factory.
New materials and techniques, dry or quicker processes, 
inreased mechanisation, larger components with continuous 
production and careful quality control, better management 
and closer ties between design and construction, improved 
control of selection and delivery of materials, all these 
factors must be brought into play to improve what each man 
can achieve for a given investment. Most important of all, 
teams of building men must be trained together to work in 
an organised fashion with long runs of repetitive work, which 
could benefit low or high cost housing.
In this land of efficiency and enterprise, the home of 
Ford, it might be asked why factory homes have not already 
made the greatest strides. One answer might lie in the popu­
larity of mobile homes. Another is the widespread use of 
timber framed construction which already lends itself to 
prefabrication. Most important of all prior to George Romney's 
1968 Act, was the lack of organised mass demand: the client 
wanting to build x-thousand units for the next five years.
Europe and the Growth of Industrialisation
As soon as the immediate aftermath of the second World 
War had sorted itself out, most European countries realised 
that they had an urgent housing problem on hand. All thoughts 
turned to prefabrication, and indeed many makeshift and 
supposedly temporary mass-produced houses were erected.
Usually these were of one-storey, often made with a light 
steel or aluminium frame clad in asbestos cement sheet. 
Traditional house building resumed, mainly in brick and con­
crete blocks.
In the early 1950s, the development of large concrete 
panel buildings was started in Scandinavia and France, the 
system which more than any of the other combinations of 
materials was to make an effective contribution in the 
industrialised field.
Nothing is new. The fashion which was to sweep most 
European countries, which was to become the main form of house 
construction in Russia and Czechoslovakia, can be traced back 
to the 1920's when it was used in Holland - the Occident 
system. Even earlier, 1910-15, the TJS architect Grosvenor Atter- 
bury - said to be a pioneer of prefabrication - built panel 
houses in New York City. Although these early concrete and 
plaster panels are said to have produced very satisfactory 
houses, none of them became truly established.
In Europe the situation was now different. In France, 
for instance, where little housing effort had been made 
between the wars and widespread destruction had made matters 
worse, large panels offered a chance to use largely unskilled 
labour for most of the building process - in the factory and 
on site. Over one period of eight years, housing in France 
was boosted from 65,000 dwellings per annus up to 300,000, 
with industrialised building making a large contribution 
up to as high as 60 per cent.
Military building in the US at around the same time pro­
duced similar results - many preeast concrete units, not so 
much panels, being used to build warehouses, workshops and 
barracks with plenty of repetitive detail.
In Scandinavia, the position was slightly and interestingly 
different. Here the spur to panel building came from the 
large differential in the wage rates paid to skilled craftsmen 
and unskilled labourers. Also the weather during the long 
unproductive winter months made it economical to aim for short 
building times out on site prior to buildings being weather­
proofed for final finishings.
Britain was slightly different at the time. With cheap 
bricks and cheap labour, traditional methods could satisfy 
a market climbing from 200,000 to 300,000 a year. This tr' 
was split roughly into two equal sections - private specu- • 
lative housing for owner occupation, and publically finance* 
local authority housing. In Britain there are about 1,400 
local authorities controlled by elected representatives, and 
most of them build what are called council houses for rent.
Although a certain amount of central control is exerted 
from London by the Ministry of Housing in the form of loan 
sanction, the authorities are largely independent. For a 
long time, demand was very spasmodic and unorganised. Little 
attempt was made to group large projects together - as in France 
to give the 500 to 2,000 unit type scheme which could allow 
the continuity required for early experimentation.
By I960, much of the experimentation and development in 
France, Denmark and Sweden had been completed. Given large 
contracts, concrete panels were economic and successful.
Other European countries were reaching the point where 
industrialisation was recognised as necessary for any further 
expansion. Engineers, architects and clients from England, 
Germany, Holland, Italy and elsewhere were all visiting 
French and Scandinavian companies and signing up licensing 
agreements.
In the early sixties, the western European attitudes 
seemed to be closely similar to the present position in this 
country; a start has been made with various systems in HUD's 
Operation Breakthrough programme, and several British firms 
are licensing or combining with American construction firms 
to pass know-how to this market.
This period, 1960-65, with its rapid expansion of systems' 
ideas into new countries, signifies the start of the second 
generation of industrialised buildings. Heavy concrete panels 
had shown a way to bring the house site into the factory. Now 
came the time when the new ideas had to be applied more widely - 
to hospitals, schools, college buildings and factories. Pro­
ducers of steel, plastics, aluminium and timber products 
began to exercise ingenuity by producing designs suitable for 
prefabrication into large units. Most importantly, the new 
building methods had to be designed to be economic for far 
smaller schemes, say 50 to 100 houses or flats. Finally the 
appearance of the finished products, mainly multi-storey blocks, 
had to be bettered, for already the nan in the street was
complaining about the ugly grey monsters. Repetition was 
vital, but with a good experienced architect, this did not 
necessarily mean the full barrack-like appearance of many 
early Prench and Russian projects.
The fashion an enthusiasm for systems - taking Great 
Britain now in detail for it is typical of what was happening 
elsewhere in Europe - was highl' successful, perhaps too 
successful. In 1964, sixty differing systems produced some
16.000 dwellings and all the big contractors had one or more 
methods of industrialised building on offer.
All the est blished European names had invaded. Camus 
had ties with two or three English firms; Larsen and Nielsen 
licensed with Taylor Woodrow-Anglian; Balency, Siporex, Skarne, 
ffcyt.be tong, Tracoba, Jespersen were all adopted by one firm 
or more.
ij-. In addition, other established British firms who had 
developed separately were having success, not necessarily with 
lar^e panels. These included Wimpey, UK's largest contractor, 
which had its 'no-fines' system of in situ concrete pouring;
Bison all Prame of Concrete Limited, which started as a precast 
flooring firm and developed a complete panel system; and Reema 
which ..lone for many years had pioneered British panel building.
Three years later, in what was to prive a peak year for 
syste.. builders, there were some 400 systems on offer, 150 of 
which had bee : used at least by one authority. But of the
55.000 dwellings erected 50,000 were built by the top 12 
builders. The r.spects of big orders had excited too many 
competitors ar.d finaneial failures abounded.
£,ven so, the nowth in production was impressive. It 
could not have been achieved without t'^ e re . irkable Ministry 
of cousin- .hite Paper mentioned previously. Some spur was 
needed to force authorities to get on with, industrialised 
housing. Set t get ’.er and organise bigger, more continuous 
contr cts, using labour saving methods, and the go-aheads and 
lo r. sanctions will he granted quickly. Traditional housing 
would take somewhat longer to approve. The Government also 
gave the gc-ahead and encouragement for authorities to 
r.egoti ' te direct with the builder, rather than the obligation 
to go for competitive tenders.
This 1965 White Paper is important in so far as it shows 
one way for a Government to positively encourage a trend. 
(Extracts are included in the appendix.) This political action 
was the British equivalent of steps taken by the Prench Govern­
ment in I960 when it awarded several five years contracts, 
each worth 1,000 dwellings a year.
Sweden acted differently again. Here the Government in 
I960 offered to pay for part of the capital costs of setting 
up factories and gave 5 year loan guarantees for developments 
of more than 1,000 houses built by industrialised methods.
In Denmark, interest rate subsidies and loan guarantees 
in the late fifties helped to establish system builders. Then 
in I960, legislation decreed that at least 2,000 system built 
flats or houses must be built — 6 per cent of normal output —
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and national building regulations became compulsory, so ironing 
out local variations which could hinder adoption of newer 
building methods. Bach country had to provide some artificial 
stimulus to get systems off the ground.
Given a start, the systems builders did not need long to 
prove themselves in terms of construction costs. In 1965, 
Britain's average two or three storey house built conventionally 
was reckoned to be about 10 per cent cheaper than its 
industrialised equivalent. But by 1968 this imbalance had 
been overcome, and this year, Ministry of Housing figures show 
the factory house cost to be 3 shillings per sq. ft. cheaper. 
Houses: Industrialised 63/11 per sq ft (#7.67)
Traditional 66/11 per sq ft (#8.03)
Already at the time of the Ministry of Housing's boosting 
efforts, high blocks of flats could be built slightly cheaper 
with panels. By 1968, competitive tenders were always won by 
the system builder, and a cost saving of around 5 per cent 
was claimed. This year, latest figures show panel systems 
saving 22/9 per sq. ft.
Plats 5 storeys and higher: Industrialised 96/9 per sq ft (#11.61]
Traditional 119/6 per sq ft (#14.34] 
Average manpower savings are not easy to obtain. Indi­
vidual system values are usually guarded jealously and are of 
obvious commercial interest. Productivity rates also vary 
from site to site, system to system, and from one firm to 
another, by as much as 4:1. To give an idea, one established 
British contractor has claimed:
Industrialised 
Houses and Plats Trad i tii
Site man hours 1090 2140
Factory man hours 405 285
Total 1495 hours 2425
Skilled to Unskilled in House Shell
Skilled 79 585
Unskilled 184 382
Total 263 967
Last year the Building Research Station and the 
National Pederation of Building Trades Employers reported the 
progress of work on a number of housing sites of two storey 
dwellings.
(See Diagram 1, page 12)
The distribution of man-hour requirements showed a range 
of just under 600 man-hours a dwelling to just over 1900 man­
hours a dwelling with an average of about 1110 man-hours.
These included all work on site, sub—structures, super­
structure and external works.
This average is considerably less than the national 
average generally taken to be of the order of 2000 man-hours 
per dwelling.
Average requirements for speculative development, local 
authority traditional and local authority system building were
1080, 1200 and 1070 man-hours per dwelling respectively. 
Speculative development and local authority system were built 
significantly faster than local authority traditional building.
No complete explanation was given for the differences in 
productivity on the different sites. Statistical analysis 
revealed that such things as the size of the dwellings, the 
size of the contract, the rate of building or the number of 
house types taken individually had no consistent effect.
Sites with few house types, long experience by the 
builder of building the particular house, or builders offering 
continuity of employment for the ope atives, showed an average 
man-hour requirement of 940.
Apparently the figures in the study correspond closely 
to those found by Roberta Shippam for public housing projects 
in the U.S.A.
Architecturally, the middle sixties showed a great 
improvement on system sites both in Britain and Europe. 
Designers began to appreciate the value of stepping and 
breaking up the long slab blocks, the value of intermixing 
high blocks with conventional two ?nd three storey houses. 
Communal landings, large balconies and split levels were 
used to breal up the large areas of flat concrete. The vast 
expanses of brightly coloured plastic panels, common in early 
days, grew rsre.
many local authorities caught on to the systems' boom 
with enthusiasm, seeing not only a way round the shortage of 
skills but the finished estates as symbols of achievement, 
politically the sight of several 20 storey plus blocks was 
thought to be a winner, and councillors were often heard to 
boast of how their districts were being miraculously trans­
formed .
In all this welter of excitement, growing slow'ly from the 
end of the second V.orld Par into a roaring success in the mid­
sixties, one ospect had been pretty well neglected: the human 
angle. How were people managing to live in these new environ­
ments? Were they happy?
In high blocks especially, there grew very rapidly in 
1966 and 1967 a widespread conviction that high living was 
sociologically harmful. The new smart blocks did not allow 
neighbours to chat over the garden fence or congregate in the 
street. Loneliness became the key-word in the quiet corridors 
between lift and flat on the umpteenth floor.
Fanned by the news media, public attitudes went into 
rapid reverse. There were genuine problems too. Housing 
managers and local authorities did not have the flexibility 
of housing available to transfer families from the high blocks 
when the second and third child arrived. Young mothers did 
not feel secure looking down from 100 feet up on the children 
playing below, even if the traffic was segregated.
At the same time, the British Government was beginning to 
count the cost of building high, sometimes as much as twice 
the cost of building low. It introduced "cost yardsticks" 
within which authorities had to abide if they were to be given 
loan sanction.
The fashion for reaching for the sky was just about over, 
except for the largest towns where land shortage was overriding. 
The new systems, proven economic for multi-storey buildings, 
were set to compete lor low work because their obvious appli­
cation was about to disappear. Architects began to realise that 
high density living could be achieved with low-rise buildings 
and did not necessarily entail high point blocks. Low-rise was 
cheaper than high-rise and socially more acceptable.
Host noticeable of all, and certainly of the greatest bene­
fit to the building industry as a whole, was the effect that 
system builders had on themselves and other traditional builders. 
Here was the widest benefit of the competition from new ideas.
An industry which had been struggling for generations to cut 
down on the number of variations on o:fer and standardise, with 
little success, saw sud enly that it must be possible to pre­
fabricate roof trusses, doors and windows; size ranges could 
be agreed, along with room heights.
If the system builders could standardise and sell stan­
dard floors, walls and fittings, then why not the building 
developer.
Company Profiles
To gauge how effective the British systems drive, consider 
the following table of local authority industrialised dwel­
lings:
Percentage of
Tenders Approved Completed Local Authority
1964 30,047 17,171
Houses
14.4
1965 45,564 25,527 19.2
1966 65,481 37,494 26.3
1967 71,465 49,049 30.8
1968 59,340 50,569 34.2
1969 35,244 53,119 38.0
1970 (1st i year) 5,684
The figures showing completions, rising from just over
17,000 in 1964 to more than 55,000 last year, are impressive 
enough. The figures of tenders approved show a disturbing 
reversal which will be explained later.
But it should be emphasised that all was not so simple. 
Even among successful firms, progress has been difficult and 
costly. As an example the following quotations come from 
the annual reports of John Laing, one of Britain's largest 
and most progressive contractors, a firm with six systems 
capable of building houses, flats, offices, warehouse, schools, 
etc.
1964: "As planned last year we have been pro­
ceeding with the erection of factories to 
produce Jespersen units at Livingston, Hey- 
wood and Andover. Each of these factories 
will be in production this year and the first 
houses will be constructed at Livingston New 
Town by the end of June 1965. The Andover 
factory will be 8upplying a eeriee of towns In
1965:
Southern England and the first order for units 
from the Heyvood factory has been received 
from the Corporation of Oldham.
"With sophisticated systems such as 
Jespersen we are trying to change the concept 
of building as it has developed traditionally 
over the centuries. What we are really doing 
is setting up an assembly line and although 
our volume of production may be much smaller 
than is the case of industries such as motor 
manufacturing, we nevertheless have to ration­
alise the whole of the process and see that 
the sub-assemblies arrive in the same meticu­
lous way that is necessary in any other 
industry.
"To do this means that we have to change 
not only our own ideas, but even more important, 
those of man- of our traditional suppliers 
so that we can gear their production in with 
our own.
"Industrialised building also calls for 
an operative with a different concept of 
construction work from that which obtains at 
the present time. He must be a man who is 
trained to work under clean factory conditions 
instead of muddy, dirty, somewhat casual site
conditions and his whole attitude has to be 
acclimatised accordingly. He may even have 
to be skilled in a multitude of crafts instead 
of a single craft as is the case at the present 
time.
"A new approach such as this involves 
many problems including some for the client 
himself. He sometimes finds it difficult to 
realise that we can give him a better job at 
a reasonable price, and possibly a lower 
price, by use of these new systems and he also 
has to be persuaded that to make a success of 
what is being done he himself must be willing 
to plan within the system.
"More than this, while other industries 
have built up their production techniques 
over comparatively long periods we are trying 
to do all these things in a matter of two or 
three years".
"As forecast last year the three factories 
producing 12M Jespersen units came into pro­
duction in the middle of the year, and orders 
for houses in this method of construction have 
been placed by a number of authorities. This 
applies particularly to our Andover factory 
which has a continuing programme of work ahead
of it. At Heywood and Livingston, however, 
difficulties have occurred in persuading local 
authorities to accept the disciplines which 
this type of construction requires. I am 
glad to be able to report that towards the end 
of the year further orders were received for 
both these factories so as to assure them f 
a reasonable rate of production during 1966.
We are continuing our efforts to show local 
authorities that if they are to achieve the 
targets of house production which have beer 
set for them, industrialised building is the 
only solution which offers any hope of success.
"Other forms of industrialised building 
such as Laingwall and Sectra have been used 
successfully in a number of projects through­
out the year - Laingwall for offices; Sectra 
for housing, particularly in Northern Ireland, 
Birmingham and Bradford, and also for the con­
struction of accommodation for students and 
nurses in various parts of the country."
"In the field of industrialised building 
I have already referred to the vigorous manner 
in which we are dealing with the losses arising 
from development, the introduction of sophisti­
cated types of construction on sites and from 
under-utilisation of capacity.
"In the 12M Jespersen system 520 dwellings 
were completed for the County Borough of 
Oldham in about half the time taken by 
traditional methods. Similar schemes are 
under construction in Manchester, Bolton, 
Blackburn and Macclesfield and are already 
deomstrating their advantages in both speed 
and quality of finish.
"In the South of England the year s w the 
substantial completion of an £8 m 12M Jespersen 
project for the Armed Services where more than
2,000 dwellings have been erected on seven 
separate sites within 18 months.
"Two further 12H Jespersen factories 
came into operation during the year and 
increased demand is expected in respect of 
both the Southern Factory at Andover, Hampshire 
and the Horth-Weetem Factory at Heywood, Lan­
cashire. In Scotland it has not proved possible 
to maintain a satisfactory level of orders to 
keep the existing factory operating at an 
economic level and we have, therefore, reluc­
tantly decided that if this position is not 
righted by the time that our present commit­
ments are completed, we will cease production.
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"Although fully industrialised building 
is now traditional in many countries of 
Western Europe it was always expected that its 
introduction into the highly conservative
British environment would not be easy. At 
the time the decision was made to proceed with 
large-scale capital investment in this field 
indications were that the demand for homes 
would be greater than the industry's capacity 
to meet it. As a result of the 1965 and 1966 
economic measures effective demand within the 
industry has been less than capacity and this 
has made the problem of progressive develop­
ment incomparably harder."
1967: "A major effort was made in the further
development of our own in-situ and industria­
lised systems, including the evolution of 
designs which both satisfy the revised Ministry 
of Housing standards and are efficient and 
economical to build. This development work, 
although both arduous and costly, is now 
well advanced.
"Last year reference was made to some of 
the major problems that had been encountered 
in developing and launching the 12M Jespersen 
method of system building for homes. In 1967 
substantial additional provision has been made 
for factor;- depreciation and while further 
losses were sustained on the completion phase 
of the first series of contracts, in the pro­
cess the gre t increases in both speed and 
and productivity of construction by the 12M 
Jespersen system have shown themselves to be 
fully up to expectations. The profitability 
of this system depends on a sufficiency of 
orders to meet the considerable development 
and other fixed costs.
"In the South the current order position 
is satisfactory, with a number of large con­
tracts for London boroughs in progress or due 
for early commencement, although inadequate 
de.uand has made it necessary to close the 
Scottish factory and indications are that the 
Lancashire factory, though reasonably loaded, 
will not be fully utilised during 1968/69."
1968: "After several years of planning, develop­
ment and site experience our Jespersen 
industrialised building system began to show 
its potential and worth during 1968,
"Although we were not directly concerned 
with the collapse at Honan Point this has had
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implications for the construction industry 
generally which have not yet been fully 
resolved. Our activities in this field are 
affected by the fact that the design criteria 
for a new code of practice are not expected 
to be issued until the middle of 1969 at the 
earliest. This indecision has resulted in 
considerable delays, in much added expense 
to existing contracts and in difficulty in 
selling forward. It is disappointing that 
this should be so, particularly as problems 
on existing contracts are now virtually all 
resolved and these projects are again pro­
gressing smoothly.
"We believe that the movement towards the 
use of larger components in the building pro­
cess will continue and Jespersen and our other 
building systems are demonstrating that they 
can meet the needs of this trend."
1969: Due to the severe decrease in the
demand for local authority housing our system 
building capacity has been materially under­
utilised but we have, nevertheless, completed 
over 6,000 dwellings for a large number of 
authorities during the year and I am parti­
cularly glad to report that since the end of 
the year we have negotiated a £7 million 
extension to our existing £11 million 
Jespersen contract at Southwark."
This sequence of annual reports shows just what trouble 
a major company can have in establishing acceptance of a 
good system - Jespersen. These reports for shareholders do 
not tell the full story of financial losses and frustrated 
people. The company lost a huge amount of money with a 
system which started as tried and tested from Denmark and 
which has now become one of the most successful in Britain.
Just to balance the picture, consider Wimpey's No-fines 
system, a method which has been used to build more than 
£ million homes in Britain.
This total itself might sound frightening, unless com­
peared with the gigantic figures quoted for Russian cities.
But as a compliment to the planners and architects, it is 
true to say that only a Wimpey man or an expert would be 
able to recognise most No-fines buildings - the 250,000 does 
not mean so many standard dwellings, all much the same.
The No-fines system is not really a system at all, for 
all the work is on-site and in-situ. A cellular concrete 
made of single sised coarse aggregate and cement is poured 
Into standard modular shuttering units, with doors and win­
dows fixed into jigs in the shutters. Nor multi-storey work, 
up to 22 storeys at present, a dense reinforced concrete
frame is poured between the no-fines panala at a staggered 
tiaa intervals to gain tha necessary atrangtha.
This system or non-ayatan la rightly elaasad aa indus­
trialised, and it has led Britain's systam building league 
tables all the way. Wlnpey has constructed houses for nora 
than 260 authorities, and yearly production of no-fines 
over the last few years, runs aa follows: 
lo-flnes homes completed by Wlnpey
England & Wales Scotland (Approvals Given)
1964 9,085 WA
1965 10,271 3,504
1966 12,085 5,141
1967 14,420 4,683
1968 10,031 4,638
1969 11,077 HA
Wimpey's No-fines is certainly Britain's most success­
ful system by far. It has been used and continuously developed 
for nearly 25 years, and is in reality a rationalised and 
carefully planned method of conventional in-situ concreting. 
Called a system, it enjoyed all the benefits of Govern­
ment encouragement during the first years of the sixties.
Then when Ronan Point came and doubts arose about structural 
stability of high blocks, then the "Ho-fines" method reverted 
in people's minds to a conventional approach to building.
last in the list of individual systems, consider Concrete 
Limited which produces Bison Wall Frame units. This company 
started as a precaster, specialising in floor units. With 
the systems boom, a complete system was introduced, Concrete 
being responsible for the supplying and erection of the large 
panels and floors - the shell - handing back to a main con­
tractor or the client himself for finishings.
The following is the statistical record of Britain's 
most successful concrete panel system:
Tear England and Wales Scotland (Approvals Given)
1964 612
1965 1,595
1966 2,733 938
1967 2,573 1,141
1968 3,624 539
1969 5,009 999
From these three companies, it can be seen that although 
the Government was keen to see system building given all 
encouragement, this did not remove competition in any way.
The system builders were competing among themselves and to a 
growing extent with the traditional methods.
Design development of a closed system - an industrialised 
building technique which is only compatible with itself and 
not interchangeable - is obviously a long and slow process.
It is rather like the Tolswmgen; after a period of years, 
every pleoe or component might be ehanged bat the overall 
appearance usually remains the same; modifications are designed* 
tested, proved and then incorporated in the current nedel.
Anong heavy concrete panel systems, the secret was to 
keep jointing simple and cheap, as well as waterproof, wind- 
proof and capable ot taking movement safely.
One system brought to England from Denmark was Larsen 
and Nielsen - licensed to a combine of Taylor Woodrow and 
Anglian Building Products - a national contractor and a 
precasting firm. This system had perhaps the simplest and 
neatest of all joints.
(See Diagram 2, page 12)
The flooring unit just sits onto the wall units with 
serrated teeth giving a bond between the in-situ concrete and 
the precast floor. Light steel is laid along the line of 
the joint to control cracking and take certain tensile forces. 
The only tie between floor and wall is the occasional strap 
hooking over the lifting eyes and positioning bolts, the 
strap being fixed back into the floor and screed.
This was the system used at Ronan Point - the infamous 
block 22 storey of flats which collapsed partially on 
May 16, 1968, in East London. It was and still is an attrac­
tive and successful system, which complied with all the then 
recognised criteria and building regulations. It had been used 
up to then to build more than 2,500 dwellings in England alone.
Four people were killed early in the mroning when a gas 
explosion ripped out exterior wall panels from the 18th floor 
flat. Pressure from the explosion pushed out the wall, bent 
up the ceiling, pushed down the floor, and the debris load 
and unsupported flats above and below cascaded down to the 
podium level - built with in-situ concrete. The incident 
provoked a frightened reaction among high block dwellers 
all over the country. The collapse was likened to a "pack of 
cards".
A public inquiry was ordered. Before reaching its fin-1 
conclusions, the Government orde ed gas to be taken out of all 
similar large panel blocks which did not satisfy certain 
criteria, on the basis of interim conclusions formed by the 
experts.
Then with the final report, which became even stricter 
in its conclusions, there was further panic amongst the 
public, fired by newspaper and television reporting.
The main structural engineering conclusions produced by 
the Griffiths tribunal were:
System Building
The problem of progressive collapse has not been 
considered by most structural engineers concerned 
with the development of tall system-built blocks.
In addition to Ronan Point, it is probable that 
a considerable number of other system-built blocks 
are susceptible to progressive collapse of a like 
nature.
Progressive oollapse is not an inevitable fea­
ture of high system-built bloeks. It can be 
avoided by the introduction of sufficient steel
reinforcement to give continuity at the joints, and 
the adoption of a plan-form which provides for the 
arrangement of the load-hearing walls in such a way 
that the load is carried by alternative paths if 
part of the structure fails.
The cost of these measures would not make this 
type of building uneconomic. It was demonstrated 
at the inquiry that some large concrete panel 
buildings are already designed and built in this way.
Because the Code of Practice on Wind Loading 
is out of date, other high blocks may not be 
designed to withstand the maximum windloading which 
thav may experience in their lifetime.
Because the Fire Regulations deal only with 
the fire resistance of individual components and 
not with the effect of heat on the structure as a 
whole, other system-built blocks may be liable to 
progressive collapse as a result of a fire.
Recommendations for Existing Tall Blocks
All blockMfcre? six storeys in height should 
be appealsed by a structural engineer who should 
consider:
a) whether they are susceptible to progressive 
collapse
b) whether they have been designed to resist 
adequately the maximum wind Fbadings which 
they may experience
c) their behaviour in the event of fire
In blocks that are judged to be susceptible to 
progressive collapse, measures must be taken to 
strengthen them to eliminate this risk, and the 
gas supply should be turned off until this has been
d one.
Blocks which have not been designed to deal 
adequately with wind loads, or where progressive 
collapse may too readily be precipitated by fire, 
should be strengthened.
Pending the introduction, drafting and approving of 
new building regulations the Ministry of Housing issued what 
is known in Britain as Circular 62/68. This required all 
blocks, system built or conventional, over six storeys to be 
scrutinised, and if necessary strengt! ened to withstand a 
series of arbitrary loadings - to simulate an explosion - 
and boosted wind force requirements.
Much of the strengthening work, not all, is now com­
pleted. Ko official figures on cost are available although 
estimates put the total in excess of £30 million (#72 million). 
The real loss - including lost rentals, moving expenses and 
redecorating etc. is far greater.
The Government has agreed to pay just under half of the 
strengthening or modification cost incurred by authorities. 
High system blocks, already under severe pressure by 1968
for sociological reasons, were for the time being just about 
finished by the incident. How could a body of elected repre­
sentatives - the local butcher and baker - which might already 
be faced with a strengthening bill, be persuaded by the systems 
builder or its own architect that it ought to choose a high 
block.
The current position is that Britain is at the start 
of the third generation of system building - or low cost 
housing. All building designs have been modified where 
necessary to cope with the new regulations. All building 
methods have to compete on an equal footing, for the 
Government is no longer prepared to give any positive induce­
ment to authorities to build with factory components. This 
might have to change.
On balance the achievements of British system builders 
have been good. Many houses and flats have been built which 
would otherwise have not existed without a radical switch 
in the country's resources. Of that there can be no doubt.
Nearly one half of Britain's schools are system built 
and a substantial part of its hospital building programme. 
Undoubtedly, industrialised building is here to stay.
A former Minister of Public Building and Works in 
Britain used to say: "When I reckon that in the next 30 
years, Britain is going to build as many square feet of 
accommodation - homes and offices, warehouses and schools - 
as it has built so far in its history, then I ''now that system 
building must play a vital role."
And yet, the current situation in Britain is bleak.
Last year, a survey of the 14 largest system builders con­
ducted by the National Federation of Building Trades Empl- yers 
showed that firms were operating at 40 per cent of their 
capacity.
This year, the same figure is likely to i ll to 28 per 
cent. Taking all systems builders, then 1969 showed that 
average usage was only 25 per cent of capacity and this will 
probably fall to 18 per cent this year. Many firms have just 
closed their factories and are trying to salvage what they 
can in a depressed market which, perhaps understandably, 
resorts back to traditional construction where possible.
In this necessarily brief and sometimes subjective 
account of the growth of industrialised housing in Western 
Europe, it is difficult not to end up with a somewhat bleak 
impression. 1970 is a difficult year - system building or 
low-cost housing is at the start of another era which is almost 
certain to be just as difficult as its birth and initial 
development. Construction as an industry is almost as old as 
the hills, it is resilient and resistant to change.
But changes must come, however painfully, and this 
account should give a basis for optimism and encouragement 
to those people, architects, engineers and building firms 
who are eager to see a greatly expanded attack on the housing 
problem, a determined drive to improve home and living stan­
dards more quickly, if never quickly enough.
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To the industry, the company profiles should sound a 
warning not to allow politically inspired enthusiasm to blind 
judgement of commercial realities.
Appendix:
Extracts from the Ministry of Housing and Local Govern­
ment's circular 76/65, which followed the Government White 
Paper "Housing Programme 1965-70". The circular was aimed 
at local authorities and was intended to pave the way to 
building £ million houses and flats a year in Britain - a 
target later abandoned because of financial crises.
Industrialised Housebuilding
1. I am directed by the Minister of Housing and local 
Government to refer to the White Paper "Housing Programme 
1965-70" and to say that the Minister proposes to launch a 
concentrated drive to increase and improve the use of indus­
trialised methods in housebuilding for the public sector.
This circular sets out the need for industrialised house­
building, and the benefits it can bring to local authorities; 
what it involves for the industry, the client, and central 
government; and the Government's intentions for the 
immediate drive. The circular supersedes paragraphs 15 to 17 
and 21 to 28 of Circular 21/65. It does not deal with issues 
of the total housing programme (either national or local)
of which the industrialised programme will form part.
2. If the 1970 programme of 500,000 houses a year were 
all to be built at the present level of productivity this would 
mean bringing 100,000 more men onto housebuilding. They just 
will not be available. The industry will therefore have to 
increase productivity greatly, and this means industrialisation 
in all its aspects.
What Industrialisation Involves
A. The Industry's Part
3. The term industrialisation as used here covers all 
measures needed to enable the industry to work more like a 
factory industry. For the industry this means not only new 
materials and construction techniques, the use of dry processes, 
increased mechanisation of site processes, and the manufacture 
of large components under factory conditions of production
and quality control; but also Improved management techniques, 
the correlation of design and production, improved control of 
the selection and delivery of materials, and better organi­
sation of operations on site. Rot least, industrialised 
building entails training teams to work in an organised fashion 
on long runs of repetitive work, whether the men are using 
new skills or old. For this purpose, Industrialised buildlag 
can Include schemes using fully rationalised traditional 
methods.
B. The Part of Housing Authorities
4. Operating Conditions: Over the past few years many 
of the best firms in the industry have put a great effort 
and much capital into the development of new techniques, but 
this effort will be wasted unle s these can be given the 
conditions to operate really effectively. This means that 
the clients must play their part to ensure:-
a) that the firms have continuous programmes, and 
sites are ready on time so that the flow of 
operations is never held up (this condition 
involves a rational organisation of pre-contract 
work on the part of local authorities and careful 
planning at all stages, full co-operation between 
departments, and a central progress-chasing system 
to ensure that everyone keeps to the timetable);
b) that industrialised building is concentrated for 
preference on the larger amd more straightforward 
sites where it can be used to greatest effect;
c) that the number of plan types in a scheme is kept 
down, and satisfactory types are kept in use to 
enable the industry - and the client - to get the 
advantages of long runs.
5. The advantages for housing authorities: These con­
ditions are not easy, but keeping to them can bring great 
advantages to local authorities and their tenants:
On numbers: this is the only way to build the r.umter 
houses we need (the figures show that something like 
40 per cent of public sector housebuilding will need 
to be industrialised by 1970. This means that for 
large housing authorities, which can make the best use 
of new methods, the proportion will need to be higher);
On speed of erection: most industrialised techniques 
show worthwhile savings over traditional and in some 
cases the savings are quite remarkable: this cuts the 
period of unremunerative loan charges, and so saves 
money;
On price: for flats (both high and medium-rise) 
industrialised techniques are already on average slightly 
cheaper than traditional. For two-storey houses indus­
trialised building is not yet cheaper on average but 
efficient organisation of supply and demand can bring 
down the production costs of both flats and houses sub­
stantially, and arrangements are being made to see that 
the client benefits (see paragraph 10 below);
On design: the use of carefully-prepared standard 
designs (see paragraph 8 below) will release scarce 
professional time to concentrate on raising the quality 
of layouts both for industrialised and traditional building. 
This is important, as the large-scale use of industria­
lised building will create both new problems and new 
opportunities in the environmental treatment of resi­
dential areas. The aim of all authorities should be by
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careful attention to groupings, layouts and landscaping 
to use industrialised building to improve the environ­
ment. One aspect of this is the creation of traffic- 
free areas and a Design Bulletin on this will he
published shortly;
On constructional quality: industrialised methods 
facilitate quality control. They should therefore pro­
vide houses of a more even and reliable standard of 
quality, and be able increasingly to provide a higher 
standard than can generally be obtained by traditional 
methods at comparable prices.
C. The Government's Part
6. The Ministry and the National Building Agency are 
working closely together on industrialised house-building. 
Broadly the Ministry retain the policy responsibility and 
take the lead on user requirements and relations with local 
authorities, whilst the Agency act as specialist consultants 
and take the lead on constructional techniques and relations 
with the industry.
7. Appraisals: The first step has been the appraisal 
of systems, which is being done by the Agency. Where a 
system is found satisfactory an appraisal certificate is 
issued. This certifies that the system is sound and suitable 
for 60-year loan sanction. It also gives information on the 
likely level of maintenance costs, the limitations of the 
system, special features, etc.
8. Plan approvals: Next will come the appraisal of further 
plans. This will be carried out jointly by the Agency and
the Ministry. The opportunity will be taken to encourage 
sponsors to prdduce designs which are adapted to the require­
ments of tne individual system, produce dwellings good to 
look at, and reflect the findings of recent research on user 
needs. Plans will be certified as complying with Parker 
M rris or Manual standards, but in practice it is the Parker 
Morris plans that will be most used because - as indicated 
in paragraph 35 of the White Paper - housing authorities 
will be expected normally to use plans incorporating Parker 
Morris space and heating standards.
9. Agremer.ts: Authorities will have seen references 
to the new body being set up to operate a system of "agre- 
ments". This scheme provides for the certification of new 
materials and components, and will thus be complementary to 
the Agency's work on appraisal of whole systems.
10. Regional prices: The Ministry are negotiating regional 
prices with some sponsors. These should speed up negotiations 
with individual authorities and give considerable advantages 
to both sponsor and client by enabling the local authority 
to make a close assessment of their financial liability from 
the start. The Ministry and the Agency are further exploring 
what are the conditions for getting the most economic use of 
resources, and what price savings could be obtained if pro­
grammes could be grouped to give these conditions. Meanwhile
where a local authority propose to obtain a tender by 
negotiation with one firm it is suggested that they first 
approach the Ministry for advice on cost levels.
11. Matching supply and demand: The Agency will keep 
records of the production capacity for individual systems and 
their reasonable areas of operation, and will advise local 
authorities on systems suitable for the authority's needs and 
available locally. The Ministry with the Agency will work out 
with groups of authorities programmes to ensure the most 
efficient use of good available systems.
The Future
17. As the drive develops it should be possible to use 
the new methods more flexibly than in the initial stages, 
long runs and careful phasing making for continuity of pro­
duction will provide the conditions in which industrialised 
building will become both more economical and more adaptable. 
While the immediate drive is going forward the Ministry and 
the Agency will be considering how best to promote further 
progress. There are a large number of possibilities, but 
there are two broad lines of advance which are worth mentioning. 
The first is the further development of existing systems to 
take more account of user needs without loss of economy. There 
is a fruitful field here for collaboration between sponsors, 
with their knowledge of the economics of production, and local 
authorities, with their knowledge of user requirements. The 
second is the development of a broad-based national system of 
component standardization bringing together both proprietary 
and non-proprietary components. The aim here is to secure a 
range of components which are compatible with each other, 
although produced by many different firms, and which can be 
combined in many ways. If this approach is successful it will 
reconcile long production runs for components with more variety 
of building design. The Ministry and the Agency are already 
working on development projects which are moving in this 
direction, but this is not the kind of development in which 
quick solutions can be expected.
Appendix 3
Appointing the Contractor 
Nationally agreed prices
1. As part of the assistance which it is offering to 
local authorities in the industrialised building drive the 
Ministry intends to enter into price agreements with system 
sponsors for a range of the various types of standard dwellings 
they are offering. These prices should not only speed up 
negotiations on individual schemes, but should help to ensure 
that the financial benefits of large-scale production in long 
runs are passed on to authorities. These price agreements, 
which will also cover preliminaries, external and site works, 
will represent a firm commitment on the part of the sponsors 
to enter into contracts with local authorities on the basis
of the prices and conditions set out in the agreements. When 
several systems are recommended to an authority ty the National 
Building Agency, information will be given on the agreed prices 
by the Ministry, thus enabling the authority to select a 
system suitable to their needs with the prior knowledge of 
the level of cost involved. The local authority can then, in 
agreement with the sponsor they select, apply the agreed prices 
to tneir own scheme in the confidence that the resulting con­
tract sum is likely to be acceptable for loan sanction when 
application is made to the Ministry. In medium and high 
density schemes the principles set out in Circular No. 40/63 
for ensuring that the building heights and block forms 
selected give value for money will continue to apply.
2. This procedure provides a basis which enables sponsors 
to compete with one another both in the quality of the dwel­
lings offered and in price, not on individual contracts, but
on a national basis. It is sufficiently flexible to enable 
them to quote their most favourable rates for the localities 
in which they are best able to work. All firms offering a 
sound system at a competitive price may expect to attract a 
share of th-: market in the localities most suitable to 
themselves, and those systems having the best combination of 
quality, price and productivity should be able to secure con­
tinuous production under optimum conditions. Sponsors will 
have opportunity to revise their quoted prices at reasonable 
intervals.
The wav to use nationally agreed prices
3. If full benefit is to be derived from this approach, 
authorities should avoid having a succession of small schemes 
each using a different system. Wherever possible, each con­
tract should be for 100 dwellings or more. Nor should authorities 
regard the nationally agreed prices merely as a first sieve in 
selecting firms whom they will invite to tender on a competi­
tive basis. If authorities are in any doubt about the appli­
cation of the agreed prices to a particular site or contract,
the Ministry's officers will advise.
Briefing the contractor
5. Many advantages flow from the appointment of a con­
tractor for industrialised building at the earliest stage 
(see para. 6 below). The availability of information on 
prices and supply from the Ministry and the Agency should help 
authorities to do this.
The following procedure is recommended:—
a) The local authority on the advice of their own 
architect, or a consultant employed by them, 
prepare a design brief.
b) The architect prepares a preliminary layout.
c) The architect studies a short list of systems on 
offer to ascertain how far each can meet the main 
points of the brief, and what the comparative costs 
are likely to be (on the basis of the agreed prices).
d) The authority decide which system they will use.
e) The sponsor collaborates with the local authority's 
architect on the application of his system to the 
particular scheme.
6. The aim should be to set up, right from the pre­
liminary layout stage, a close and effective liaison between 
the local authority's architect, with his knowledge of user 
needs and environmental requirements, and the sponsor, whose 
knowledge and experience of production and erection techniques 
can be brought to bear on the financial effects of particular 
design solutions. To this end, it is essential that the 
selected sponsor should be given a design brief and full 
weight should be attached to his contribution to the planning 
of the job, subject to the final responsibility of the local 
authority's own adviser.
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DIAGRAM 1 -  The man hour requirements for various types 
of houses and the split between various trades. Values are 
derived from a joint survey in 1969 by the Building Research 
Station and the National Federation of Building Trades Em­
ployers.
United Kingdom -  An attractive and varied arrangement of flats and maisonettes using 
Britain’s most successful precast concrete panel system, Bison Wall Frame. Concrete 
Ltd, the firm responsible for Wall Frame, does the structural design, manufactures 
and erects the building shells. This system is now licensed in the United States of 
America.
DIAGRAM 2 -  Details of the floor/wall joint used for the 
Larsen Nielsen system block which failed after a gas ex­
plosion at Ronan Point. Note the lack of continuity between 
the concrete elements and also the ease of assembly which 
led to the adoption of this particular method.
United Kingdom -  Another example of Wall Frame flats completed in 1968 in Rugby, 
England. Note the sculptured concrete around each window, which unfortunately does 
not relieve the drab uniformity.
United Kingdom -  12M Jespersen, the Danish panel system brought to Britain by John 
Laing, and after considerable losses firmly established as a systems leader. This 
picture shows how low-rise developments can be successfully designed using panels.
United Kingdom - Inside an industrialised housing factory - belonging to Taylor Woodrow 
-Anglian - at Norwich. This is the floor casting shop and the steel cores for forming 
floor slab voids can be seen lined up for insertion into a steel mould. Successful 
factories depend vitally on layout, craneage and plentiful storage, as well as the ever 
necessary continuity of orders.
United Kingdom - Another example of what Wall Frame can achieve, and the better 
appearance to be gained by using different coloured aggregates in the concrete and 
stepping the building lines.
United Kingdom - One method of erecting panels - in this case Taylor Woodrow-Anglian 
who brought the Danish Larsen Nielsen system to Britain. In this 10 storey block in 
London, a block of 40 flats was erected in '20 working days.
United Kingdom - Ronan Point, the 22 storey block of flats which partially collapsed 
following a gas explosion in May 196s. The incident led to revision of building regula­
tions in many parts of the world; it depressed the market for industrialised flats at a 
time when system builders were struggling to maintain a flow of orders; and it marked 
the end - for the time being anyway - of most 'high living’ construction, a fashion 
already dwindling for sociological reasons.
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United Kingdom - London’s first major industrialised housing estate, for 562 homes, 
at M orris Walk in Greenwich. This aerial view shows the sort of size which early 
British projects needed in order to be viable.
A lgeria - A Tracoba block of concrete panel flats badly damaged by an explosion at 
ground level in one of the rooms. The block continued to stand and support its 12 or 
more storeys, so proving that panels can be jointed sufficiently well to maintain 
continuity in the event of an extraordinary incident.
Denmark - Another example of 12M Jespersen, this time as used in its home country. 
Note the use of balconies to break up the line of the slab blocks - not all together a 
successful ploy, but useful in a sunny country where the line of shadow can give varyin 
appearance during the day.
USSR - One of the more horrific aspects of what housing authorities can be tempted to 
aim at, trying to exploit the benefits of repetition. This site is in Leningrad and is 
being developed by the Lengiprogor Institute.
s : : S :
Japan - Precast concrete panel building near Osaka by Takenaka Komuten Co. The 
system is known as ICS, Integrated Construction System, and this first building was 
completed this year.
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USSR - A 17 storey slab block on Peace Avenue in Moscow. The 400 flats are constr 
in what are called “vibro-rolled” panels - the appearance leaves much to be desired.
USSR - Another development in Moscow, this time on Lenin Prospekt. Use of varying 
heights and staggered diagonal lines can be seen to improve appearances to a degree at 
least.
Czechoslovakia - Composite picture showing an industrialised housing scheme just outside Brno, erection methods and 
final appearance. Note the column and slab floor approach, walls and cladding being added later once the structure 
has been made continuous - something of a “belts and braces” approach but perhaps advisable after the Ronan Point 
progressive collapse.
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NEW TOWNS
by
Leonard R. Mann*
INTRODUCTION
European countries have embarked on a vast building of "new towns" 
in an effort to control city growth. At first view, Northern Europe's 
new towns appear to be a bristling complex of offices, stores and apart­
ments in all shapes and sizes. On closer Inspection, they turn out to 
be less monolithic and far more interesting. They are tightly planned 
since the local governments have much greater power than a U.S. city to 
make plans and enforce them. Most of the building is done by large 
contractors, sometimes for local housing authorities, sometimes for 
cooperatives, sometimes for private investors--but always subject to 
the detailed plans and approval of the local planners. The results 
show great variety.
In the new towns of Europe you find nothing like the large areas 
of detached houses characteristic of most American new communities. In 
the American suburb, plans to erect an apartment house or store in a 
one-family neighborhood will send protesters marching en masse to city 
hall. But European planners see advantages in mingling all sorts of 
activities and buildings. Typically, they make provision for a small 
store or shopping center within walking distance of every inhabitant-- 
usually no more than a quarter mile. Some fairly large factories are 
located in special industrial areas on the fringes of the new towns, 
but the planners are also putting small, clean factories inside the 
towns in residential areas so that some of the people can walk to work.
In Europe, as in the U.S., the new towns really are extensions of 
the big cities with an added input of planning. Bijlmermeer and Amstel- 
veen are just beyond the built-up areas of Amsterdam in the Netherlands. 
Vallingby, Farsta and Taby, Sweden's new towns are well within the 
Stockholm metropolitan area. Tapiola, in Finland, is just minutes by 
car from downtown Helsinki. Cumbernauld lies within the main industrial 
belt of Scotland, between Glasgow and Edinburgh, and most of the 
English new towns are in a ring around London.
Planners in Europe, like many in the U.S., would like to develop 
new cities far from crowded metropolitan areas. But up to now the 
economic magnetism of the big cities is proving to be too great. Most 
European planners seem also to have given up on the idea that these 
new towns can become fully independent, taking care of all of the needs 
of their Inhabitants for work, shopping and recreation. All of them 
plan to offer more in the way of recreational facilities and jobs than 
the typical American suburb with its shopping centers. Still, it is 
assumed that large numbers of people in the new communities will com­
mute to the big cities for work, certain forms of recreation, and for 
major purchases.
Cumbernauld. Scotland
Cumbernauld, 14 miles northeast of Glasgow, is planned for 70,000 
persons. Its location was established as a means of solving the housing 
and population problems of Glasgow, particularly of its depressed area 
known as the Gorbals district. Glasgow has densities of 400 persons 
per acre with much of this population in slum areas idiich must be re­
placed. In the early 1950's it became apparent that new housing could 
not keep up with population trends and that a way had to be found to 
relieve congestion in the central eity.
The new town's site of 4,150 acres is located on a ridge and in­
cludes the nearby existing villages of Cumbernauld and Condorrat. The 
industrial areas. Among the more basic city-shaped decisions made be­
fore serious design proceeded were the following:
a) Cumbernauld shall be a town on a ridge, crisp at the edges 
and surrounded by countryside.
b) As the genus loci of Glasgow is the "gray and green" of the 
stone and heath, so shall be Cumbernauld.
Professor and Director of the Urban Affairs Center, B4C College, 
Chester, Pennsylvania.
c) Cumbernauld shall be a truly 20th century town accommodating 
the automobile, as a servant of man, but giving to the pedes­
trian totally separate pathways.
d) The town shall be treated as a whole, not as a group of 
neighborhoods, so that each citizen can feel himself a part 
of a total entity. The town shall be compact to make this 
sense of community possible.
e) The town center shall be a totally enclosed multiple-use 
structure spanning the highway and connected to the foot­
path system. Parking shall be provided within the center 
adequate to serve the 35,000 regional market in addition 
to the 70,000 population planned for Cumbernauld.
f) There shall be a sharp perimeter definition between the 
urban townscape and the rural countryside in which it is 
set. This rural green belt shall be readily accessible for 
recreation by the citizens and be an important feature in 
viewing Cumbernauld as well as viewing the countryside from 
Cumbernauld.
The preliminary planning proposals of 1958, originally based on a 
population of 50,000 set the design of a hill town occupying ^30 acres 
on the ridge, of which 590 acres were for housing areas. The Scottish 
government required that at least 50% of the dwellings be single-family 
units with gardens. The remainder of the site was planned for open 
space and for the two major industrial zones. Two factors dictated 
this solution: The practical consideration of foundation conditions, 
difficult in certain areas of the site, and the conceptual advantages 
of the limited area.
Cumbernauld's high-density urban environment, built around a circu­
lation system which totally separates pedestrian from vehicular traffic, 
is a single entity without subdivision into component neighborhoods. Its 
philosophical base is the antithesis of that underlying the concept of 
Tapiola and other garden cities. The Cumbernauld concept is also a de­
liberate departure from the philosophy expressed in most other British 
new towns. The existing open area surrounding the town center at the 
top of the ridge will be occupied by a series of Institutional building 
projects, including a health center and a two-year college. The total 
townscape will then spill down from its rldgetop center to the surround­
ing valleys, framed by green, open countryside.
The Cumbernauld town center calls for realistic acceptance of the 
automobile: it is, in fact, a giant, all-purpose drive-in, perched atop 
its ridge like an old Italian hill town, Vehicular traffic is con­
fined to two lower levels where parking facilities, bus terminals, loading 
docks, and gas stations open off the main spine road and off two parallel 
loop roads at the edges. Escalators, elevators, ramps, and stairs move 
people and goods to the upper levels, which are reserved for pedestrians. 
Within the main structure will be packed the library, community center, 
medical services, offices, stores, a hotel, banks and other commercial 
activities. Penthouse apartments will top the complex. At one end of 
the center will be a civic square overlooked by three tall apartment 
towers; at the other end, a large entertainment center and, rising above 
it, an 11-story office building.
Stockholm. Sweden
Stockholm enjoys a level of metropolitan planning achievement of 
the highest order, one probably unequaled anywhere else in the world.
Here is a modernised metropolis planned as a single entity for a popu­
lation of 1.23 million in 1965 and 1.7 million in the year 2000. During 
the last 20 years, the major thrust in town planning and development 
has been directed toward renewal of the downtown core area; planning 
and construction of comprehensive metropolitan rail rapid transit and 
highway systems; and planning and completion of 18 new communities hav­
ing a total population of 250,000 with five more under construction 
(including Vallingby, Farsta, and Taby).
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The urban design resulting from these objectives has been In­
fluenced by two factors: a strong comltment to Industrialized building 
(using prefabricated elements) as a device for creating a large number 
of housing units each year at low construction cost; and an acceptance 
of some aspects of the garden city philosophy although densities are 
such as to produce increasingly urban environments In the newer satel­
lite towns.
The satellite communities are designed as units to accommodate 
about 25,000 people with well-articulated pedestrian ways separated 
from vehicular traffic. The pedestrians radius from outlying dwellings 
to the town center (); to ^ mile) determines the geographic area covered 
by each such satellite. The vast majority of dwellings in these satel­
lites is made up of appartments, from low-rise walk-ups to multi-story 
towers, and most of them are rental units.
The municipal policies of Stockholm have resulted in the city's 
acquisition, over many years and by private purchase, of a large re­
servoir of underdeveloped land outside the old city. Land thus purchased 
is included within extended city limits of Stockhom and is used for the 
satellite communities. These communities apparently are not intended to 
evolve into separate cities with their own governments. While each is 
physically a distinct town, with its own physical qualities, all are 
governed by the municipality of Stockholm and individual loyalities and 
personalities are subordinate to that of Greater Stockholm itself. A 
significant part of the success of the Stockholm effort lies in the 
economic strength of the comprehensive approach. Population centers 
and transportation systems are planned to complement each other; power 
plants, built to serve a population of 60,000, are located on waterways 
so fuel can be cheaply delivered and are close enough to the housing 
served to allow the generated by-product, heat, to be piped to the 
dwellings; rapid transit goes underground even in outlying areas, since 
experience proves the savings in land coverage offset the additional 
first cost to the city.
Tapiola. Finland
Tapiola is a new town, satellite to Helsinki and sited on the 
Gulf of Finland about 10 miles west of Helsinki. It is designed for a 
population of about 17,000 which in turn will be the nucleus for a city 
of 80,000.
The new city is one of seven proposed by Asuntosaatio (the Finnish 
Housing Foundation) to accommodate the population growth of the Helsinki 
region. This plan assumes varying degrees of self-sufficiency in the 
seven new cities as well as varying sizes (from 50,000 to 200,000) in 
their population. It further assumes, and is designed to effectuate, 
a limit of about 6000,000 upon the population within the Helsinki Penin­
sula itself. Asuntosaatio, a private, nonprofit, beneficial organization 
is the developer of Tapiola which was begun in 1952 and is now largely 
completed. It was able to enlist six large private organizations as 
founders along with labor unions and service organization.
Acceptance of the garden city philosophy leads to a low-density 
(26 persons per acre, gross) development; a suburban environmental 
quality and the concept of neighborhoods with subcenters linked to the 
main town center itself. A very strong social program is the point of 
departure for the physical plan. The social and physical objectives 
are interpreted in "garden city" terms to create:
a) A strongly contrasting physical environment to that exist­
ing in Helsinki--naturescape versus cityscape— with water 
for recreation and vistas, pedestrian safety and atmosphere. 
Rural fields and forests are Incorporated in the plan along 
with gardens.
b) A balanced community economically (45% of residents to be 
from the low-to-middle economic levels, 55% from mlddle-to- 
upper) and socially (artists, professionals, industrials 
workers and executvies).
c) Within the community, balanced neighborhoods— more expensive 
detached dwellings front on the same street as low-cost 
garden apartments.
d) Maximum opportunities in terms of physical facilities and 
activities— educational, social and recreational for children, 
families and the elderly.
In relation to Tapiola's 4,575 residential units, 6,000 jobs are 
planned in all categories except heavy industry. The town center re­
tailing functions will serve an ultimate market of 80,000 persons.
Its proximity to the capital city assumes, nevertheless, a strong 
linkage to job, cultrual and shopping opportunities in Helsinki itself.
The cummuting involved by this assumption is handled by an expressway 
system and by buses for mass transit. Quite a low ratio of automobiles 
to residential units now exists and there is no rail transit system.
Tapiola was privately developed under circumstances of a heavy capital 
shortage experienced in Finland as a result of war costs and postwar 
reparation payments. About 90% of its dwellings and mercantile units 
are sold to private occupants, either in fee or by condominium, in 
order to recover starting capital as quickly as possible. Due to this, 
most citizens are, in fact, stockholders in the community, and Tapidla 
has evolved into a self-governing, self-sufficient city with its own 
distinct personality.
Amsterdam, the Netherlands
Amsterdam's development has largely been determined by its physical 
surroundings. Because its marshy land has exercised a great influence 
on the form of life in Amsterdam, the history of the city can only be 
understood in relation to the natually determined layout.
Although several extension plans were devised in the eighteenth and 
nineteenth centuries, it was not until 1935 that a General Extension Plan 
was completed. During the past 15 years, however, it became necessary 
to revise the 1935 plan, not only because Amsterdam began to expand out­
side the municipal boundary, but also because the old city was increasingly 
brought into the town planning developments.
To provide for expansion, the City Fringe Plan was added to the 
framework of the masterplan. This plan correlated with the desire of 
planners for a centralized from of city development. The fringe cities 
will not only be individual communities, but will also promote an inter­
relationship of activities aimed at the core area.
Amstelveen and Bijlmermeer are two of the new fringe towns planned 
to supplement the expanding population of the central city. A typical 
feature of the new towns is the high percentage of pre-fabricated con­
struction. Because the new areas will extend outside the municipal 
boundaries, they have been planned in relation to the region surrounding 
the city. With this centralized form of development, the fringe towns 
will be radial extensions of residential and employment areas of Amsterdam.
United States
Reston. Virginia, is located 18 miles west of Washington, D.C., 
four miles east of Dulles International Airport. The developer was 
Robert E. Simon, Jr., of Simon Enterprises, Inc. of New York with finan­
cial participation by Gulf Oil Company and John Hancock Life Insurance 
Company. The general plan for a projected population of 75,000 calls 
for the following division of land use: lake - 100 acres; village and 
town centers - 200 acres; residential - 4,100 acres; industrial, research 
and offices - 800 acres; park and public use - 1,100 acres; and two 18- 
hole, three 9-hole golf courses - 400 acres. Townhouses, apartment units, 
both low-rise and high, and community center are clustered around the 
lake. Air conditioning is piped from a central village plant. Single- 
family house sites complete with utilities are sold to individuals or 
to builders.
Columbia. Maryland, is located in the Baltimore-Washlngton corridor, 
and is planned for 110,000 or more people. The developer is the Rouse 
Company jointly with the Connecticut General Life Insurance Company. The 
general plan is organized so that there will be nine villages of 10,000 
to 20,000 people, each clustered about the main town center. Each village 
will consist of four to six neighborhoods, each built essentially around 
the elementary school. Land-use allocations are as follows: 3,000 acres- 
industrial, on scattered sites; 500 acres - lakes; 3,200 acres - permanent 
open space; 2,500 acres - residential, on sites from % to 5 acres; 3,500 
acres - residential, on sites from % to % acres; 1,400 acres - resldental, 
for townhouses and apartments.
17
Conclusion
Not only do the Europeans like to mix various types of buildings 
together, they also make a special effort to mix up the economic classes 
within them. High-income and low-income housing are likely to be close 
together.
In Europe, housing allowances or rebates for families with children 
are the general rule, not only for the poor but for many in the middle- 
income group. In Sweden, the more expensive your apartment, the bigger 
your housing allowance is likely to be. The Swedes say this approach is 
designed to promote "economic integration" , to make it possible for the 
construction worker making perhaps $4 per hour to live next to the Junior 
executive who makes more than twice as much.
Inflation in building costs, however, is getting in the way of this 
social theory. It actually costs a poor family about twice as much to 
live in Cumbernauld as in the Glasgow slums from which the Scottish new 
town was intended to draw many of its citizens.
In Bijlmermeer, rents are higher than Dutchmen in the low-income 
group can afford. City planners say they hope the poor will benefit by 
being able to settle in secent housing vacated by middle-income people 
moving into Bijlmermeer. Eventually, these officials add, inflation
and prosperity will make it possible for the low-income people to move 
into Bijlmermeer, perhaps 10 years from now.
All in all, the European new towns are quite different from what 
Americans seem to like in the way of homes and neighborhoods. The 
Europeans think their way of doing things is more in tune with what 
will be needed in the future.
We must give more consideration to planning for an optimum environ­
ment rather than a minimum environment. Too many of our ordinances and 
designs are based on minimum standards which leads to competitive selec­
tions. To do good city designs, we must stop being such great competors 
and learn how to collaborate better.
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INDUSTRIALIZATION: GENERIC EXAMPLES, SPECIFIC SOLUTIONS —  
CAMUS AND SECTRA
By
Laurence S. Cutler*
It is quite clear now that industrialized building systems 
have finally come of age in the American housing market.
The problem of providing the vast quantities of housing 
required by this nation and promoted by the federal govern­
ment in the Housing and Urban Development Act of 1968 is now 
being put into the hands of the professionals and the indus­
try capable of providing that goal of "26,000,000 dwelling 
units in 10 years." An amazing spirit of cooperation and 
dedication is abounding and the ability to execute the order 
is baring its chest and rolling up its sleeves.
This paper briefly presents the generic industrialized 
building systems and is not, by any means, a comprehensive 
survey. It should, however, serve as an introduction pre­
senting the essence of the philosophy of systems. It will 
also describe in some detail tow specific systems: CAMUS, 
the first and largest factory fabricated panel system in 
the world; and SECTRA, the first and most successful tunnel­
forming on-site system. So, in effect, this is a discussion 
concerning the hardware of housing, the new technology of 
the building industry. Please keep in mind that the major 
innovations and improvements in the area of housing requirq 
a team with experience much wider than simply an orientation 
primarily toward technology, design, building materials, 
and building construction. The most pervasive and fundamental 
problems in housing are those of management, institutions and 
humans, not technical nor material. Understanding this, we 
begin the discussion with the generic building systems.
THE GENERIC BUILDING SYSTEMS
There are many building technologies, but no one of them 
is applicable to all construction cases; no one is a panacea. 
They are dependent upon, and influenced by, many other aspects 
of the housing situation, such as: land use, density, volume, 
site conditions, user-needs, continuity, codes, and labor.
Industrialized systems building may be defined as the 
total integration of all subsystems and components into an 
overall process fully utilizing industrialized production, 
transportation, and assembly techniques. This integration is 
achieved through the exploitation of underlying organizational 
principles. Industrialized housing systems may be classified 
in a variety of ways, of which the following are the major 
categories:
I. Monolithic Units
Monolithic units are generally factory-produced and 
pre-assembled volumetric elements with a high degree 
of finish and a minimum amount of required site 
erection time (site utility connections).
They may be further categorized as a function of their 
relative degree of self-containment.
A. Lightweight units or mobile homes types
Totally self-contained housing units which can re­
tain their mobility or be permanently installed 
and grouped or stacked with the addition of a 
demountable steel frame. In most cases, mobile 
homes are completely pre-assembled and finished 
and require only site utility connections for 
occupancy.
B. Heavyweight of volumetric components 
Room-size (or smaller) volumes of concrete, steel 
sandwich, or fiber reinforced plastic, which can 
be grouped horizontally and/or stacked vertically 
(if bearing) and dry connected to form single- or 
multi-family attached or detached housing. In 
some cases, these volumes may be incorporated in 
traditional structural/mechanical space grids to 
provide high-rise multi-family housing. Stacked 
bearing units often avoid the necessity of pro­
ducing six-sided volumes by wall and slab sharing, 
and, in some cases, bonus room units are acquired 
by checkerboard stacking. Other systems employ 
discontinuous room units to provide for mechanical 
chases, sound insulation, and structural fire­
proofing .
Basically, monolithic units are restricted by travel 
radium from the plant (action radii) and are extreme­
ly expensive to handle. They are also to be considered 
"closed" systems and do not offer great flexibility in 
design treatment of the masses.
II. Panels
Panels are large slabs, or otherwise panelized units, 
not made in the form of a box but often large enough 
to constitute entire walls, partitions, and floors, 
or substantial parts of floors, and roofs. They are 
fabricated in a shop and assembled at the site. In 
some cases, the components of another manufacturer 
can be incorporated in the system, if it is "open" 
and provides for modular coordination options. Panels 
come in a variety of materials, such as: heavyweight 
(concrete) or lightweight (polyurethane) pieces.
A. Open production
Mold sizes and incorporations are modified to 
specifications per project of 300 dwelling units 
or more. These systems are concrete incorporating 
any desired finish, and the panels are usually 
either room-size or in manageable strips (semi­
heavy-on-site or remote factory).
•ECODESIGN, INC., Harvard University, Cambridge, Massachusetts
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III.
IV .
B. Closed production
The components produced are usually bearing panels 
and are relatively light. The system is based on 
a small number of standardized components.
Generally, panels require a hugh aggregated market to 
justify going to systems building —  a severe limitation. 
Frames
Frames generally constitute parts of the structure, 
such as beams and columns, fabricated off-site but 
assembled on-site. Into these are fitted infill units, 
such as walls, partitions, floors, ceilings, and roofs, 
also usually fabricated off-site and assembled on-site 
to the structural elements. The primary advantage is 
the reduction of site work to component assembly. Trans- 
protation is economical because the components are small 
and light and because central factories can enjoy large 
market areas (action radii). However, the increase 
in joints and materials somewhat complicates the pro­
cess, increases the cost, and does not insure good 
acoustical privacy.
Special Construction Techniques
Special construction techniques express the applica­
tion of machine technology to traditional craft pro­
cedures. Most of these techniques are characterized 
by on-site construction using special machinery and, 
usually, poured concrete. It would serve our pur­
poses well to give several examples in order to ill­
ustrate some of these techniques in more detail.
A. Lift slab
Slabs are cast at grade, one over the other, with 
sleeves designed for slab connections to pre­
viously selected columns. After curing, they are 
lifted into place and cemented.
B. Slip-Form
4'-0" high vertical steel forms are arranged in 
the intended configuration of the plan (system 
often used for service cores only). Concrete is 
poured in the top of the forms while they rise 
vertically (conditioned by external temperature) 
which permits the concrete to reach initial set at 
the bottom of the form. Slabs are poured con­
ventionally at each level.
C. Tunnel forms with accelerated curing 
Precision-made steel volumetric forms with integral 
heating equipment are placed next to one another
on a slab and floors are cast in one single oper­
ation in one or two room widths. After casting, 
the heating accelerates the curing of the concrete 
and the formwork is easily removed by crane to a 
new position for immediate re-use. By accelerating 
the concrete curing process, the cycle is reduced 
to only thirteen hours curing time and eleven hours 
preparation.
V. Performance Specifications/New Materials and Components
The industrialized production of materials and com­
ponents is nothing more than the rationalization and 
the application of modular coordination and assembly 
line techniques to traditional craft technology 
(windows, floors, panels, etc.). The exception to 
this is the grouping of units that had previously been 
produced and distributed separately (heart units or 
utility cores), the translation of a greater portion 
of production to the factory, and the use of new mater­
ials .
A. Mechanical units: The term "mechanical" as used 
here comprises plumbing, electrical components, 
and heating or air conditioning units. They may 
be assembled on the site in the traditional manner 
or sub-assemblies may be fabricated off-site and 
connected together on-site. The degree of sub- 
assembly may vary from "plumbing trees" to com­
pletely preassembled bathrooms, kitchens, and 
similar components.
B. Performance specifications: which decree full 
compatibility of the subsystems are achieved by 
providing a market ample enough to guarantee the 
manufacturer a suitable exposure. Totally flex­
ible, the design standards regulate the com­
patibility in such a way that one manufacturer 
is able to join with others and to offer com­
petitive bids with higher quality and integrative 
design.
Housing
This nation's stated policy and objective is to achieve "a 
decent home in a suitable environment for every American 
family." By 1985, our population is expected to increase to
260,000,000. This means that 20 million new households will 
be formed. The growing need for housing by new households 
will be further complicated by the accompanying deterioration 
of about one-quarter of our existing housing units. We must 
build, in less than 20 years, the equivalent of the entire 
housing supply of the United States in 1960.
The Poor
As a result of the technological revolution in agriculture, 
employment opportunities for 3.2 million farmworkers have 
disappeared over the last 15 years. Many are poor blacks, 
who have migrated to the city. Between 1940 and 1950, 1.6 
million blacks left the South. Between 1950 and 1960, 1.5 
million Negroes migrated to northern cities and the migration 
has continued steadily at this rate.
Twenty percent of families in cities earn less than $5,000 
a year for a family of four. In addition, a large segment 
of the urban population earns between $5,000 and $8,000 a 
year for a family of four who are ineligible for public hous­
ing, but who cannot obtain adequate housing within their 
financial means in the privately-financed housing market.
The Labor Pool
A diminishing supply of housing construction labpr in the 
face of dramatic increases in demand can only have one effect: 
drastic increases in cost.
Building systems become an immediate and obvious answer to 
solve this housing crisis. Of the generic building systems 
defined above, there are any number of successful possibilities 
which can be implemented immediately in each of the categories. 
It is imperative that we stop talking about the vonders of 
building systems and the miracles they can work and that we 
begin to build with them now. The major stumbling blocks 
at the moment seem to be that there are too many "ifs" in­
volved with systems in this country and too few who are 
willing to take a gamble.
Two systems of especial note, and quite different in tech­
nique and application, are CAMUS and SECTRA. Although they 
are European in origin, my professional firm has consulted 
with both systems and has assisted them in entering the U. S. 
market. They are willing to take the gamble in entering 
the American market and they are among the best operating 
systems. For these reasons, I feel they are worth discussing 
in some detail.
CAMUS (HEAVY-WEIGHT PANEL SYSTEM)
History
Internationally, Camus is the most widely used industrialized, 
heavey-weight panel building system in the world, with an 
annual turnover of more than L100 million, without taking 
into account the enormous production of Camus in the USSR.
To my knowledge, the Camus system is the only proprietary 
item that the Russians over purchased licensing rights for -- 
for about $1,000,000, the essential reason being that the 
know-how is the important thing, not the drawings or an 
agreement. (Figure 1.)
Dwelling Units Produced
In the USSR when Pravda and Isvestia prosaically proclaimed 
that on June 5, 1966, an earth tremor of force 7.5 degrees, 
had been recorded at Tashkent, the capitol of Uzbekistan, 
and that some houses had been damaged, the two official news­
papers also reported that recently constructed buildings in 
the center of the city had withstood the earthquake extremely 
well.
The buildings referred to were 30,000 Camus dwellings produced 
at the Tashkent Camus factory, and they showed hardly any 
defect. As the original buildings were designed to withstfuid 
earth tremors of up to eight degrees on the Russian seismic 
scale which goes up to twelve degrees, the new buildings are 
being constructed to withstand shocks of nine degrees as an 
added precaution. The USSR adopted the Camus system in 1952 
and it is understood that there are now more than 300 Camus 
factories there.
The idea that has turned the Camus system into the most used 
panel system in the world within less than twenty years is 
simplicity. Raymond Camus, the French engineer and designer
of the system, first developed a prototype scheme in Le 
Havre in lS^S.
It is because of the inherent simplicity of the system that 
it has proved itself flexible enough to be adapted to meet 
the requirements of more than ten nations with climates and 
geographic conditions ranging from the coldest to the hottest, 
the driest to the wettest, and including one zone where very 
severe temperature changes occur frequently. (Figure 2.) 
System Description
The methods of manufacture consist of fabricating large 
panels by casting in mass production, each panel comprising 
one of the parts of a dwelling, such as a complete internal 
wall, party-wall, partition, or floor slab. (Figure 3.)
The production is organized in the factory so that with a 
minimum number of specialists the panels can be manufactured 
with their finishes and fittings complete as will be necessary. 
Panels are cast on horizontal casting tables with adjustable 
edge molds. For example, in the case of external wall panels 
with mosaic facings, the panels are cast face down, the mosaic 
being placed in the mold first and then covered by a thin 
layer of mortar and concrete, followed by the thermal in­
sulation and structurally reinforced concrete inner leaf.
( Figure *». )
Windows or other elements, electrical coqduits and provision 
for all services are cast into the panels as work proceeds. 
After the concrete has been mechanically compacted, it is 
finally surfaced with mechanically operated power floats to 
provide a smooth surface which can receive decoration with­
out further preparation on site.
An insulated cover is then placed over the mold by an over­
head crane with which each casting workshop is equipped.
Both the cloches and the casting tables have heating coils 
in their construction and a heat curing process begins.
By the time the casting team has completed the casting of 
four or five panels in a workshop, curing of the first panel 
has been completed. Then the demolding cycle begins.
This consists of removing the curing cover, pivotting the 
table to a near verticle position, lifting the panel clear 
with an overhead crane and removing it to a temporary stockyard 
for final inspection and cleaning before removal to a main 
stockyard. The heat curing enables the panels tp be demolded 
three to four hours after c m  ting, depending on the ambient 
temperature in the factory.
When the panels have been lifted into place on site by a 
crane, they are held in position by specially designed props 
which are connected to holes formed in the panels and secured 
to plates, which are fixed to the floor. The reinforcement 
is then tied and the joints are cast to make a monolithic 
structure.
Problems of making good joints between panels are avoided by 
the panels being room size so that joints always occur in 
corners where they may be concealed easily.
There is no need for a drying out period normally necessary 
in traditional building methods. The standard of finish 
achieved with conventional two-coat plasterwork and reduction 
of on-site labor shortens construction time by up to 50%
(a claim made by all the large heavyweight panel systems.)
By adopting these principles of simplicity, builders are 
able to adapt the system (Figure 5.) successfully for build­
ings of one to twenty-three stories or higher, ranging from 
public housing to high income apartments.
The essential problems with a system such-as Camus are rather 
obvious. There is a limitation on architectural expression 
and flexibility. There is a great need for capital invest­
ment in a plant facility, and the factory requires a min­
imum order of perhaps 1000 dwelling units per year as an 
average. Then, of course, there is the travel radius —  a 
limitation for servicing an area which is approximately 100 
miles from the plant. Finally, a minimum number of units 
of about 400 is required even to justify utilizing Camus at all. 
Large scale panel systems are not unknown in this country. In 
fact, Roger Corbetta built housing in 1917 in a very similar 
manner to the Camus system. The importance of Camus lies 
in the scale of its European operations and not in its po­
tential in the U.S.
SECTRA (SPECIAL CONSTRUCTION TECHNIQUE)
Sectra is an economic "factory-on-site" system of in situ 
concrete construction, which also includes the use of pre­
fabricate components and extensive mechanical handling, for 
the rapid erection of residential buildings between four tha 
thirty stories. Sectra is particularly suitable for users 
who require the advantages of industrialized building in 
medium-sized projects spread over a large area. (Figure 6.) 
History
The Sectra industrialized building system is over a decade 
old and is now operating in nine countries (England, France, 
Spain, Germany, Ireland, Switzerland, Holland, Belgium, and 
the U.S.A.)
Dwelling Units Produced
Sectra to date has produced over 15,000 dwelling units in 
the United Kingdom alone, where John Laing Construction Ltd. 
is the licensor.
System Description
Sectra is an advanced method of using precision-made sotry- 
height formwork in rectangular "tunnel" sections in room or 
two-room widths, enabling walls and floors to be cast in 
one operation. After casting, the formwork is easily re­
moved by crane to a new position for immediate re-use. Methods 
of accelerating the concrete curing reduces the hardening pro­
cess to only 13 hours. It is possible to erect a complete 
basic structure for a 15-story apartment building in thirty 
working days. (Figure 7.)
Extensive use is made of prefabrication for partition walls, 
staircases, plumbing and external cladding.
Because of the high standard of concrete finish obtained
from the precision formwork, it is possible to decorate or 
paper the interiors direct. In fact, "wet" trades and floor 
screeds are eliminated. End walls are poured in place with 
a profiled or textured finish. (Figure 8.)
New designs are available in Sectra to the latest FHA or 
HUD Unit Design Criteria and requirements. (Figure 9.)
The system brings factory speed and precision direct to 
the building site, combined with mechanical handling of 
components.
The savings in time using Sectra can be as much as 40-50%. 
The price per square foot for mechanical and structure based 
on a prototype project ranges from $13.10 to $15.95, depend­
ing on degree of finish. If one were to construct only the 
building shell, the cost would be $3.85 per square foot, as 
compared with $4.65 for standard construction. (Figure 10.) 
ADVANTAGES OF SECTRA
SECTRA is a concept of building in a logical 
manner, involving the use of high precision 
heated formwork combined with mechanical handl­
ing, prefabrication and a systematized alloca­
tion of labor which brings factory speed and 
precision to the building site.
No economic factory radius.
Market aggregation not limited geo­
graphically.
Flexibility, as on-site technique, to 
adapt to union and code requirements.
A Total System and an Open System.
Mechanical and electrical are inte­
grated with the superstructure.
Building type versatility from 2 - 30 
bedroom duplexes.
Full design flexibility, respondent to 
user needs and site context.
1. Greater Speed of Construction, High Volume Production, 
And Associated Economics
--The "thermo-coffrage" heated formwork, which is an inte­
gral part of the SECTRA system, accelerates the harden­
ing of the concrete. It is now possible to reduce the 
curing from days to only 13 hours. Electric blankets 
and preheated concrete are also used for varying tem­
perature conditions.
— The system has been designed for use with a tower crane 
which achieves the rapid handling and placing of the 
structural formwork units and, after completion of the 
basic structure, the easy handling of prefabricated 
components.
— The minimum scaffolding necessary is projected from the 
building face at the working level and it is raised with 
the structure.
— Owing to the high quality of concrete finish obtained by 
using the SECTRA shutters, there is no necessity to plas­
ter walls or ceilings. These surfaces cah be prepared or 
decorated direct.
— Because it is possible rapidly to erect the complete basic 
structure of the building— for example, a 15 story build­
ing in under 30 working days— it is also possible to 
schedule the finishings completely. This enables maximum 
use to be made of prefabrication and mechanical handling 
and results in earlier occupancy.
2. Year-Round Operations
— Constant thermal treatment of concrete placed by the SECTRA 
system ensures that the hardening process is independent 
of external temperature and eliminates delays often caused 
by extreme cold and results in year-round employment of 
labor.
3. Few Simplified Operations and Good Management Control
— The control imposed by the steel forms plus the clarity 
of operations and management through use of templates and 
simple coding allows use of less highly trained labor, 
while at the Same time improving quality of construction.
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--Construction takes place in a daily cycle and is broken 
down into 5 4 basic operations each of which has been 
specially planned, and the 10 men necessary to run the 
tunnel system have every day, at the same hour, the same 
operations to perform. Productivity is thus appreciably 
improved and the labor content reduced to a minimum.
4. Integration, Prefabrication, and Codes Conformance
— Because of the precision of the SECTRA system of con­
struction, it is possible to make wider use of pre­
fabricated cladding partitions and mechanical units, 
the installation of which is greatly simplified.
— Because SECTRA is an on site technique, all the mechanical 
and electrical can be totally integrated into the super­
structure without violating union and code regulations.
--The structure, code conformances, and finishing opera­
tions are no way dependent on the prefabricated cladding 
and partitioning elements as is often the case with large 
panel and frame systems (i.e., inter-unit fire and 
acoustic insulation in frame systems, or mechanical 
equipment and sometimes facade installation in panel 
systems).
--"Wet" trades are practically eliminated because of the 
excellent finish produced by the forms.
5. Flexibility
--By use of various combinations of the steel formwork units, 
variations in floor planning are achieved. There is also 
wide scope in elevational treatment by the use of large 
prefabricated cladding panels and curtain walls in a 
variety of materials and designs, as well as conventional 
infill methods.
--Unlike many large panel systems, on site adjustments
are facilitated by the on site technique. However, this 
is seldom necessary because of the management clarity 
of the system.
6. Local Contractors can be Used
--The superstructure, with totally integrated mechanical 
and electrical, is so complete that it can, at the point 
of the closure and finishing phase, be sold or turned 
over to local union or non-union contractors for com­
pletion while the experienced licensee moves to other 
need areas.
PARTICULAR ADVANTAGES TO SECTRA, AN ON SITE SYSTEM
7. Minimum Capital Expenditure
--No factory--only forms purchased. Low rate of costs to 
potential and immediate investments.
8. Low Minimum Total Order Plus High Volume Production
— Although SECTRA has an extremely high rate of production 
and (as with any production method) increases efficiency 
with the number of units, it can still be economically 
feasible down to 100 units. Most precast systems are 
not competitive until they reach 300 - 500 units as their 
minimum total order.
9. No "Economic Factory Radius" Restrictions: SECTRA Not 
Restricted to Heavily Urbanized Areas
— As SECTRA is an on site technique, it is not limited 
geographically to the economic radius of a production 
facility. This radius, required by prefabricated systems, 
varies according to the highways serving the plant, 
traffic conditions, and depends on a density and need in 
the area to maintain continuous production rate— plus 
transportation costs and facilities. Precast systems 
operating in the states will depend on large urban or 
megalopolis locations for a market and, although our 
superior U. S. highways increase the European radii, the 
efficient distance from plants still ranges 60 - 200 
miles.
— These severe restrictions eliminate the areas of the U.S. 
which differ from the dense urbanization of Europe and of 
certain urban strips in the U. S., in that they are dis­
persed centers of population. In these areas, housing 
is needed but the area cannot supply a plant with a 
permanent market. SECTRA can answer the needs of these 
areas.
--Although SECTRA is a high volume production system and is 
perfectly adapted to answering the needs of heavily pop­
ulated areas, it is to the more "unreachable" areas des­
cribed above that we would like to direct a part of our 
prototype proposal for the SECTRA system, in order to 
illustrate the unique capabilities of this system.
10. Minimum Market Volume Demand Per Year, Minimized Need for 
Aggregating the Market
--SECTRA is not limited to any particular region or area. 
Because of this, the need for aggregating the market is 
not a crucial factor inasmuch as a tight regionalized 
market is not required. The market volume demanded per 
year for successful economic operation is less that one- 
half of the required volume for a typical precast panel 
system (1000 units per year versus 2000 units per year).
The market for SECTRA need not be limited to a particular 
region based on a factory location.
11. Completely Flexible in Adaptation to Unions and Code 
Requirements
--Because SECTRA is basically a method of rationalizing and 
speeding on site construction, the problems of transferring 
certain union activities to a factory do not exist. The 
problems that might arise because of increased efficiency 
in laying sub-systems in SECTRA can be solved by manipula­
ting the size, hours, and make-up of the work force, etc.
CONCLUSION
These two examples of generic systems types offer buildings 
which are designed and erected more quickly than is possible 
by traditional means, with high quality prefinished com­
ponents, at less cost. Camus and Sectra are true total 
industrialized building systems -- defined as the total 
integration of all subsystems and components into an overall 
process fully utilizing industrialized production, trans­
portation, and assembly techniques. This integration is 
achieved through the exploitation of underlying organizational 
principles. Assuming widespread use of these and other 
systems, one must be increasingly aware of the inherent urban 
design implications and large-scale environmental control 
required over such bulk, high density, intricate circulation 
problems, and, lastly, as usual, aesthetics!
FIGURE 1 -  Unit Camus Liverpool
FIGURE 2 - Camus-Dietsch Saarbrucken Germany
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Preparing a casting table Erection on site
Transporting panel to sites Removing panel from table
FIGURE 3
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FIGURE 5 - Unit Camus Liverpool England, Director of Housing JW Boddy ARIBA AMTPI
KEY
1 S l i d i n g  f ramework
2 S h u t t e r  panels
3 S t r u t
4 Heat ing ma ms
5 V e r t i c a l  j acks
6 Cent r a 1 coup 1 ing
1 Phase 7 bei ng shut t er ed
2 Phase 8 s h u t t e r  t r ack bei ng pl aced
3 Gabl e s h u t t e r i n g  in p os i t i on
4 T unnel  s h u t t e r
5 Formwork to openi ng
6 P l a t f o r m f or  wi t hdrawn s hu t t e r s
7 S h u t t e r  bei ng wi thdrawn
8 Pl a t f o r m f o r  s uppor t i ng  gabl e s h u t t e r i n g
9 He a t i ng  mains 
10 To he a t  ing u n i t
12
10
8
Shuttering phases
FIGURE 7
FIGURE 8 - Sunderland
Client: County Borough of Sunderland
Architects: Harvey C. Bishop, ARIBA in association with S. Greenwood, ARIBA
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3 Bedroom 5 Person Dwellings
98 9F10
PLAN ABOVE ACCESS BALCONY
Net floor area 954
Internal storage 35
External storage nil
FIGURE 9
FIGURE 10 - Oxford, Blackbird Leys 
Client: City of Oxford
Architects: D. Murray, ARIBA, Dip TP, AMTPI in association with S. Greenwood, 
ARIBA
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"LOW COST HOUSING PROJECTS 6 PROBLEMS IN HAWAII" 
Subtitle: "A Third Force in Housing 
by: D. Richard Neill^
The title of this paper is a bit misleading as there are 
no low cost housing projects in Hawaii, though there are pro­
jects to house low income families. Further, our basic prob­
lem, I feel, is not so much that of lowering costs, though this 
is very important. The challenge is to maintain a human envi­
ronment with reasonable amenities and good design in light of 
the very high costs of housing. According to the FHA nation­
wide figures for 1968, the average Section 203 insured house 
cost $32,038 in Hawaii as compared to $20,116 nationwide. This 
is for what I call: "half a house" on "half a lot" for "half 
again the price".
In these matters, I speak not so much as a technical expert 
as most of the symposium speakers, but as a practitioner who 
has struggled over the past four years to develop or coordinate 
the development of some 24 projects with 2600 units and some 
70 million dollars in mortgages. About one third of these are 
completed or under construction. The rest are still in the 
struggle stage. Our goal has been the best housing possible 
within FHA or HUD cost limitations. My expertise is more in 
the area of frustration, tension, delays, obstacles, excuses 
and the nature of bureaucracy, of which housing is a "by-product".
I was the initial staff person for HCHA and after four years, 
our Hawaii Council for Housing Action is just starting to see 
the results of our unusual organization. HCHA is a coalition 
of some 20 major labor, church, business and professional 
groups to develop and manage "not for profit" housing for low 
and moderate income families.
This past year, I also served as the Executive Director of 
HCHA Model Cities Housing Development Corproation, whose board 
is made up of five members of our HCHA Board and four from the 
two Model Cities areas. This entity has three Model Cities pro­
jects under its responsibility: Housing Information Centers, 
Financial Assistance Program, and Physical Improvement Program. 
Altogether we have some 1.3 million dollars for our first year 
program.
I also was a Commissioner of the Hawaii Housing Authority 
which has some 5,000 units Statewide under its control. Three 
of our HCHA projects are on Urban renewal land so I am painfully 
familiar with this HUD program.
My remarks will be divided into two sections. The first 
will be a brief analysis of the high cost of all housing in 
Hawaii, and the second will summarize the objectives and pro­
gram of HCHA, a "third force" in housing.
The basic elements of housing costs are pretty much the
same in any part of the world. Hawaii has the highest cost of
housing in the United States except for Alaska. This is rather
surprising as we do not need any heating or cooling in our
houses since our temperature rarely gets under 70 degrees or
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above 85 degrees with a delightful trade wind blowing 90% of 
the time. Most of our single family housing is of a single 
wall construction. Our newer homes are on concrete slabs or 
else posted 18" off the ground with wood flooring. The average 
house lot is 5,000 to 6,000 sq. ft. with a 900 to 1,200 sq. ft. 
enclosed area single story unit set nearly in the middle of the 
lot selling for $30,000 plus.
Where then, you ask, is the basis of our high costs? This 
question has been debated for years but as yet has no complete­
ly satisfactory explanation. Actually there are many factors, 
each contributing its added cost, yet each contributor placing 
the blame on the other factors. "Its not me, its him."
The underlying basis is the high cost of land, which is 
usually credited to the fact that we are a relatively small 
island; Oahu, where better than 80% of our population lives is 
about 40 miles long by 10-20 miles in width, with perhaps 50% 
of this being taken up by two beautiful mountain ranges. Land 
monopoly in Hawaii has undermined the free market pricing of 
available land as some 20 interests control over 70% of the 
non-government lands. Most of our new housing units have been 
built on "lease land" where the home buyer, in effect, "rents" 
the land and pays the property taxes--but never has any "right" 
to the fee title.
Like many places, land speculation has had disastrous re­
sults with rezoning, political considerations etc. adding to 
this an unnecessary cost factor. Millionaires have been created 
from land transactions and rezoning. For instance, one major 
parcel of land owned by the largest estate provided "develop­
ment rights" which were given freely to one developer, which 
has been "sold" two or three times in the past five years-- 
most recently for $4.5 million dollars. Yet not one house has 
been built....and these "rights" have no actual value per se 
but will be added to the cost of any future housing built.
Our site improvement costs also are very high with the de­
veloper having to bear all of the on site and most of the off 
site costs which are passed on to thq buyer with a profit. 
Frequently unreasonable demands are made by City officials who 
can be unbending and uncommitted to housing. An improved resi­
dential lot within 10-15 miles of central Honolulu will run 
$2.50 to $3 a sq. ft. Apartment zoned land will range from $4 
to $10 a sq. ft. in this same area and will go as high as $20 
to $30 a sq. ft. in central Honolulu. Even in our Model Cities 
area, a very substandard district, single family zoned lots 
sell for $15,000 to $30,000 and apartment zoned land is valued 
at $6 to $8 a sq. ft. The 1968 FHA Homes reported that Hawaii 
site costs were four times that of the mainland C$13,325 vs 
$4,161) and represent 40% of the average sales price as com­
pared to 20% elsewhere.
Land monopoly and speculation underlie Honolulu's very high 
housing costs, and these are the same for "low cost" housing as 
for "market rate" housing. I personally am sympathetic to the 
concept of public ownership of all land as suggested by a Task 
Force in our recent "Year 2000 Conference in Hawaii", in one 
report. Further, rezoning decisions should not be a bonanza to 
the owner, at public expense— some control is necessary.
Building supply houses play an unusual role in Hawaii. Fre­
quently, they secure control of large tracts of land and devel­
op them into subdivisions. You can guess where all materials 
for these projects are purchased. On top of this, most builders 
in Hawaii secure their bonding from the supply houses which in 
part are providing the builders with a needed service, but at 
a price. Shipping costs, storage costs, added handling and 
limited competition and market all add to the cost of supplies. 
Few builders are big enough or able to affect volumn "drop 
shipment". Even our locally produced material, like concrete 
cost $26 a yard— which is double some mainland cities.
In comparison, Hawaii labor rates are under many unionized 
areas on the mainland; however, our workers have nearly 52 full 
weeks of work a year and many gross over $12,000. Of course, 
we all suffer a bit from "Polynesian paralysis" (the effect of 
our sublime balmy climate), hence our workers are often accused 
of "low productivity".
Of course, money is the biggest cost factor in housing to­
day everywhere. One recent conventionally financed condominium 
in our Model Cities area had to pay 10 points for financing 
(including 3 points for the mortgage broker "finders fee") as 
well as 10% interest rate. That means over $2000 per unit for 
financing points, and some $250 a month carrying charges includ­
ing utilities for a modest two bedroom apartment on lease land 
(lease rent costing $2** a month) selling for $2i»,000. All of 
our innovated efforts in reducing costs, and all new technologies 
and materials, will be of little avail as only a one percent 
change in interest rate will offset most of these possible sav­
ings and reductions. We must shift from relying on the private 
money market for financing housing for low and moderate income 
families to full federal, state and local government commitments 
in order to provide the required money at the right cost as a 
public need. We must give up the inadequate notion that 
mortgage money can be obtained in the free market since pri­
vate money can get a far better return in other investments 
than in long term fixed mortgage financing. Our income tax 
benefit to upper income home ownership families, in effect, 
more than doubles the cost of our low and moderate income 
housing program to the government. Our nation's tremendous ex­
penditures in other areas need no comment in terms of judging 
our nation's values and priorities, unfortunately. No person 
in our country should be without a decent home and environment 
to live. We can and must afford it!
Given all of these problems, it is a wonder that any hous­
ing gets built for the low and moderate income families. In 
Hawaii, only about 20% of our families have incomes sufficient
to support a new home in today's high cost market with high 
interest rates.
On top of all of these, my greatest frustration is in the 
area of securing approvals from the multitude of local, state 
and federal agencies, especially when another agency differs 
with the approving agency. Too many times, we have been caught 
in the ridiculous position of one agency making a demand that 
another agency rejects and both play the "god" role....they 
have the final say. Weeks and months have been lost....when an 
immovable object meets an irresistable force....two government 
agencies. Some bureaucrats would prefer to see a project fail 
than bend or compromise.
FHA or HUD, in the opinion of many, is chief among sinners; 
but, I am more sympathetic to their problems. They get caught 
by their levels of bureaucracies, i.e. Local, Regional and 
Washington-based (and the usual battle with Congress that goes 
on no matter who is in the White House). But too often, some 
"maximum" limits or "rule" blocks a project from moving ahead, 
all of which, in the long run, is self-defeating.
For instance, some eight years ago, efforts were started to 
develop a Section 202 elderly project by one church. The ini­
tial site adjoining the church was rejected by HUD as the land 
cost of $2,000 a unit exceeded the $1,000 per unit set by Wash­
ington for this program. After three years of trying to get 
the site via urban renewal, the project was given up as a lost 
cause. Then, they joined with three other churches to co-sponser 
a 202 elderly project on an urban renewal site a few blocks a- 
way. This time, the unit land price was down to under $1,000 
but the total development budget projected was $16,500 per unit 
and Section 202 had a maximum limit of $15,000. When we shifted 
the application to FHA Section 236 two years ago, we thought we 
finally had it made; however, the local office was concerned 
over the market for this first "gap" income elderly project and 
that caused delay. Then, Washington held up all "new" 236 el­
derly projects until Fiscal 1971 funds become available. We 
think that we now may get the project moving soon but our to­
tal development cost per unit is now nearer $20,000 or nearly 
double the cost of eight years ago. Does this make sense?
Probably our number one difficulty over the past four years 
with FHA as well as the Redevelopment Agency has been our com­
mitment to build the best housing possible within allowable 
limits as opposed to the lowest cost possible approach. We try 
to keep family housing down to 8-16 units per acre density with 
reasonable open spaces, good design, etc. Some of this may 
add to the total cost of a project, but we feel that in the 
long run it will save money to society.
My personal strong conviction is that for too long, "econom­
ics" have dominated housing decisions, with too little concern 
for the resulting environmental and human consequences. While 
we must be realistic in our "economics", there also needs to be 
some idealism, or at least sound decisions that meet human and 
social needs of people. In short, too much emphasis has been 
on costs, and especially on profits, and not enough on people.
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This leads me to the basic factor that HCHA, or "the third 
force in housing", can contribute. We do eliminate unnecessary 
profits and build in social and environmental concerns as our 
top priority. There does not need to be the $**,000 to $6,000 
"developer's" profit to put together a good project. Some of 
this developer's return is justified as he encounters great 
risks and unreasonable delays that cost money. As a non-profit 
entity, we seek to reduce the unnecessary risks and hopefully 
the delays.
I personally challenge the dominant theory of many in the 
private sector and those government officials that say you must 
make it attractive or profitable to the "developers" and "build­
ers" if you are to get the job done. Our experience has proven 
that for about $200 a unit, the job can be done allowing a mod­
est profit of 3-5% to a builder for his input plus his over­
head. Private enterprise is not, nor can not, do the job opera­
ting on their traditional basis. We have the freedom of private 
enterprise and the "public service" mission that government 
should have. When profit is the name of the game, unfortunate­
ly, all other factors are apt to be subordinated. Hawaii's 
leading builder stated publically that "under our capitalistic 
system, there is nothing wrong with making a profit. Manage­
ment is responsible to its stockholders to earn as much as can 
be earned". There is a danger here when it comes to housing.
Needed or desirable amenities, environmental necessities, attrac­
tive design features will be the "deducts", or places to cut 
costs in order to "earn as much as can be earned". Hence, I 
challenge the profit motive as the panacea to our housing crisis.
On the other hand, too many "civil service" protected em­
ployees are job security-oriented. This often results in doing 
nothing or very little, or passing the buck. "Don’t make a 
mistake" is a cardinal rule. Inaction is safer than wrong ac­
tion. In short, our growing governmental system is getting 
less creative and productive.
I assert that the non-profit housing development corpora­
tion can retain the best of both private enterprise and govern­
ment service and hopefully reduce or eliminate their problem 
areas.
Let me just sketch some of the objectives of HCHA which we 
are realizing in part in order to illustrate my assertion of 
its value and potential of a third force in housing.
1. Balance of religious, labor, business, professional and 
social concerns--all of these inputs are important in a commu­
nity undertaking.
2. Involvement of the individuals to be displaced or who 
will eventually live in a given project where possible in the 
decision making process, and not just a "public hearing". Not 
only does this give the people a stake in the project but their 
support can prove vital in securing required approvals.... it is 
for them! The same is true for involving the larger community. 
Many of our projects are sponsored or owned by broader commu­
nity groups on a non-profit basis. Very few private ventures 
or even government programs in the past took the time for this
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kind of involvement which gains positive support rather than 
opposition. We have seen its effectiveness, though at times 
it has been frustrating and time consuming.
3. Building of "prior relocation housing" is another vital 
part of any housing program that requires displacement.
U. HCHA's objective has always been excellence in design, 
environmental considerations, reasonable densities and social 
concern. Though we have fallen short of what we would have 
liked, the results thus far are far superior to what would have 
been the case if we had not made a serious effort. The best 
criticism we ever received was that of the Regional FHA inspec­
tion team. They recently said that the four projects they had 
visited were "too nice", compared to what is being done in 
Honolulu. Yet when the local FHA officials showed them our de­
velopment costs and monthly payment schedule, they backed off 
and could not complain.
5. HCHA has emphasized ownership under FHA 236 co-op or FHA 
235 condominium or PUD Townhouse, or Turnkey III, as we feel 
that this is the best solution for families who desire home 
ownership and who can be responsible, no matter what their in­
come may be.
6. Controlled and reasonable project profits and fees for 
the various participants. We try to be objective in our de­
cisions as to who we hire or with whom we work. We usually in­
terview several firms based on an analysis of their experience, 
competence, capacity and social commitment before we make our 
choice.
7. Innovative but sound housing techniques are always sought, 
such as using "slip form" on a high rise that costed out at $19
a sq. ft. vs as much as $10 more than this for similar conven­
tional construction. A "factory on site" is one we are just 
starting to work with, on a large project of 350 units.
8. Maximum government cooperation and assistance is sought 
although this has not been always easy. Being not-for-profit 
helps as profit parties are often suspect regarding their mo­
tives. The Hawaii Legislature did provide 100% tax exemption to 
our non-profit d-3, 202 and 236 projects as well as set up a 
$200,000 loan fund for front money.
9. HCHA has a special interest in housing for senior citi­
zens and we are currently carrying on a research program under 
Title IV of the Older-American Act of 1965 entitled "Planning 
for Independent Living". The purpose is to determine ways to 
"extend independent living".
10. Finally, HCHA has created a program to manage most of 
our projects as in the long run, this function will have a very 
great effect upon the lives of the residents. Hence, we want a 
socially motivated program that is competent in all aspects of 
management.
Though I feel that this third force in housing can and 
should play a vital role in meeting our nation's housing crisis,
I also am aware of its difficulties and inadequacies.
1. For example there is always the danger of being a "front" 
for developers or others seeking to make a financial gain.
2. There is the question of Finance. HCHA's chronic prob­
lem during our initial four years has been the lack of funds, 
though we are nearing financial independence.
3* There is a problem of intelligently and meaningfully in­
volving non-technical board members, community groups, and "resi­
dents" in a rather technical program as "decision-makers" with 
several levels of approvals complicating the process. At times, 
it would be easier to be free from so many meetings, but I be­
lieve in the process.
4, In order to get anything approved and built, it almost 
seems that one has to be a pusher or fighter and cause tension.
It would seem that something good should be more easily accomp- 
plished.
5. With neither the power of government nor the money of 
some private interests, we have had to develop our programs 
from a position of relative weakness. It; would be much better 
to operate from the position of strength.
6. While only 6 months is needed to put a project together, 
it usually takes from 2-4 years for final approval which is ri­
diculous. The number of obstacles, delays, etc. are demoraliz­
ing to all concerned and very costly.
There are other weaknesses as well as some strengths of our 
third force in housing. I do not suggest that we have the per­
fect solution but, given the right leadership and commitment, 
adequate financial support and some guidance, not-for-profit 
housing development can help meet the need for housing for a 
growing segment of our population. I am happy to be a part 
of that movement, motivated by social or human concerns, yet 
delivering "hard goods", sound housing.
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by
1 2 Franklin B. Johnson, J. Neils Thompson,
3 i*Robert I. Carr, Jr., and David W. Fowler
The University of Texas at Austin with a grant from the U. S. 
Department of Housing and Urban Development, on September 25, 1968 
instigated a crash program to construct ten low cost single dwel­
ling houses in an experimental project. Federal Housing Administra­
tion selected these ten houses from a list of 88 builders from 
across the country. Construction of the ten houses was begun in 
October. The houses were completed and the project dedicated by 
President Johnson on December 14, 1968. The houses were sold to 
selected low income families, who began occupying the houses in 
early February 1970.
Project Scope - The role of the University of Texas was to 
contract with the selected builders for the erection of ten low 
cost housing systems, contract for site preparation, contract for 
utilities construction, observe and document in every respect all 
phases of construction, document all costs, and evaluate the var­
ious engineering and architectural characteristics of all systems.
Also required was a study of community acceptance priority during 
and after construction of these houses and the recording and eval­
uation of the acceptance from time to time of the occupants of 
the houses.
Proj ect Organization - A team of University of Texas and other 
local personnel was organized to supervise and maintain control over 
the various phases of the project. Over twenty faculty were involv­
ed cutting across areas of architectural engineering, civil engi­
neering, mechanical engineering, electrical engineering, sociology, 
psychology and architecture.
Principal project personnel were as follows: Prof. J. Neils 
Thompson, Administrator; Dr. Franklin B. Johnson, Director of 
Engineering Studies and Evaluation; Prof. R. I. Carr, Construction 
and Cost Analysis; Dr. D. W. Fowler, Structural Analysis; Dr. J. T. 
Houston, Material Analysis; Prof. Elmer Hixson, Acoustics; Prof. Wayne 
Long, Mechanical Engineering; Dr. James A. Williams, Sociological 
Studies; and Prof. Robert G. Mather, Architectural Studies. In ad­
dition William B. Saunders, A.I.A., of Austin, Texas, served as co­
ordinator of problems related to construction of utilities and lia- 
son with city officials.
The full cooperation, aggresive action and dedicated efforts of 
many, including HUD and F.H.A. officials, the builders, the city offi­
cials, the city utility crews, the landscape contractor, the Univer­
sity of Texas faculty and administration, and many others enabled 
the accomplishment of the preparation of the site and the construc­
tion of the houses in one month.
1Head and Graduate Advisor of the Architectural Engr. Div. of 
Civil Engineering Dept, at University of Texas at Austin.
^Professor of Civil Engineering and Director of Balcones Re­
search Center at University of Texas at Austin.
3Assistant Professor of Architectural Engr. at University of 
.Texas at Austin.
Associate Professor of Architectural Engr., University of 
Texas at Austin.
House Construction - The builders used new and old techniques, 
technologies, and materials to produce low-cost houses. Each builder 
designed his own house. Some were constructed in place, some were 
constructed in a plant (prefabricated and moved to the site) and 
some were partially constructed in a plant and partially on site.
They ranged from conventional frame construction to precast con­
crete, to concrete block, to semi-mobile type and to panelized con­
struction. The houses were constructed on a site that was formerly 
under the U. S. Department of Agriculture. The tract was subdivided 
into ten lots arranged around a community parking lot (Fig. 1). A 
brief description of the ten houses and their construction materials 
and methods follows.
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Lot 1-SAM Industries - This house has 1080 sq. ft. with five 
bedrooms and one and a half baths. The house was factory built 
in St. Petersburg, Florida. The house is fabricated on a welded 
steel floor frame. Plywood stressed skin panels fabricated with 
continuous plywood sheets glue nailed to wood framing were used 
for wall and roof panels. The walls and ceiling were coated with 
"Samkote", the roof with a silicone finish and the floor with a 
vinyl acrylic finish. The house was manufactured in two longi­
tudinal sections. Wheels were attached to the steel frame of 
each section, and the units were hauled from St. Petersburg to 
Austin. The sections were set side by side on concrete block 
piers, aligned and bolted together. Work not completed at the 
factory was then completed at the job site.
Lot 2-Neal Mitchell Association - This house has 770 sq. ft. 
with two bedrooms and one bath. The major innovative feature is 
the precast concrete frame and roof panels. Precast concrete 
columns were set into concrete footings. Precast concrete beams 
were bolted to the columns and precast concrete roof panels span 
between the beams. A concrete floor slab was poured around col­
umns above footings. Frame exterior walls span between columns 
on the exterior and hollow core gypsum board "Structicore" make 
up the interior partitions. Lightweight concrete was poured 
above polystyrene foam on top of the precast roof panels. The 
roof was sprayed with fiberglass and painted with an elastomeric 
coating. Exterior plywood walls were oiled and interior walls 
were painted. The ceiling was sprayed with an acoutic finish and 
the floor was covered with vinyl asbestos tile.
Lot 3-Industrial Laminates - This house has 770 sq. ft. with 
three bedrooms and one bath and is supported on a pier and beam 
foundation. Time for construction was 4 days. Exterior wall 
panels, prefabricated in a plant by the builder, were constructed 
of aluminum clad plywood, polystyrene cores, and prefinished ma­
hogany. The roof has trussed rafters sheathed with plywood with 
a built-up roof. Interior wall surfaces are prefinished plywood, 
the ceiling is suspended acoustical panels and the floor is vinyl 
asbestos tile over a plywood subfloor.
Lot 4-Town Patio Homes - This house has 658 sq. ft. with 
three bedrooms and one bath. The time spent in on-site con­
struction was 4 days. The house was manufactured in a factory 
in Lafayette, Indiana, and trucked to Austin. The house was 
lifted from the trailer to the pier foundation with a crane.
The house has an all wood frame with fiberglass insulation in 
the floor, walls, and roof. The exterior wall surface is an 
aluminum skin over plywood, and the interior partitions and 
ceiling are surfaced with prefinished gypsum board. The floor 
is sheet vinyl over a plywood subfloor, and the roof is galvanized 
sheet metal over plywood.
Lot 5-Magnolia Homes - This house has 717 sq. ft. with four 
bedrooms and one bath. The time for on-site construction was 5 
days. The house was manufactured using modified mobile home con­
struction in Vicksburg, Mississippi. It was shipped in two sec­
tions; one section 12 x 50 feet and one master bedroom section
12 x 10 feet. The house has an all wood frame with exterior ply­
wood on the outside and prefinished plywood on the inside. The 
floor is vinyl asphalt tile, the ceiling is acoustical tile and 
the roof is asphalt shingles. The section were set on concrete 
block pier foundations at the site.
Lot 6-Bellaire Homes - This house has 784 sq. ft. with three 
bedrooms and one bath. Time for construction on site was 13 
days. Cinder block piers rest on poured spot footings and 
support a wood platform subfloor. A major innovative feature 
of this house is its wall and roof system. Interior and ex­
terior walls and roof are of factory fabricated panels of 
enameled aluminum skins glued to both sides of Kraft paper 
honeycomb. The panels were shipped to the site and erected on 
the platform to fully enclose and partition the house. The 
floor is surfaced with asbestos tile.
Lot 7-Dicker Stack Sack International - This house has 616 
sq. ft. with two bedrooms and one bath. Time for construction 
was 22 working days. A concrete slab covers the floor area of 
the house but the "Stack Sack" walls have a separate concrete 
continuous strip footing. The exterior walls are formed by 
the "Stack Sack" method of cement mortar filled burlap bags 
dipped in water, stacked and covered with sprayed-on cement mor­
tar. The flat built-up roof is supported by exposed wood beams 
sheathed with plywood left exposed as the ceiling. Exterior 
and interior wall surfaces are painted, the ceiling surface 
and beams are stained, and the floor is covered with vinyl 
asbestos tile.
Lot 8-The Phoenix Mini House-Chanen - This house has 720 
sq. ft. of area with two bedrooms and one bath. Time for con­
struction was 20 days. The house has a slab on grade founda­
tion, concrete block exterior walls, and 2 x 4  in. wood framed 
standard sheetrock interior walls. The roof is framed with 
trusses, sheathed with plywood and roofed with asphalt shingles. 
The interior and exterior walls and ceiling surfaces are painted, 
and the floor is surfaced with vinyl asbestos tile. The house 
is a conventional method of house construction typical of today's 
standard techniques.
Lot 9-Certain Teed Products Corporation - This house has 
560 sq. ft. with two bedrooms and one bath. Time for construc­
tion was 23 working days. The wall system of this house is of 
major interest, since it was constructed of the extruded asbes­
tos cement elements of the CTX post and panel system. The house 
has a concrete slab foundation and a truss roof with asphalt 
shingles. The ceiling is gypsum board and the finish floor is 
vinyl asbestos tile. Surface finishes on ceiling and walls in­
side and outside are paint. The house has a patio with storage 
shed.
Lot 10-Lockheed House - This house has 720 sq. ft. with 
four bedrooms and one bath. The major innovative features are 
the panel lock exterior wall system and the bathroom-kitchen 
core unit. The exterior wall panels are 2 in. thick, 4 x 8 ft. 
horizontally cast concrete. The panel lock extruded aluminum
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edge strips served as side forms for the concrete and during 
panel erection were connected together such that a continuous 
wall was formed. The bathroom-kitchen core unit contains all 
components of the bathroom, kitchen and mechanical equipment in 
a prefinished unit that was hooked up to roughed-in plumbing, 
electrical, heating duct work, and structure. The house has & 
concrete slab foundation and wood joist roof framing with a 
built-up roof. Interior walls are prefinished hardboard on 
2 x 3 in. stud framing. The ceiling is gypsum board and the 
floor is vinyl asbestos tile. The inside and exterior surfaces 
of the exterior walls were painted.
Construction Record and Cost Evaluation - The evaluation of 
each house in the project required detailed documentation of 
construction operation and costs. In plant and on site time 
and motion studies based upon extensive time lapse movies, pro­
ject inspectors hourly records, and contractors notes and payrolls 
allowed a complete breakdown of labor man hours and payroll re­
quired on site for each house. Examination of all builders' in­
voices, plans, specifications, inspectors' counts of materials 
and an independent housing estimators' sources gave a material 
quantity and cost take off for each house. The on site labor 
and materials' costs were combined with factory and transpor­
tation costs to give complete estimates of house costs for vari­
ous quantities of houses built on a site. The detailed reports 
of man hours and material quantities allow the extension of 
costs to other geographical areas.
Materials and Structural Evaluation - The materials, fram­
ing members, and structural components of all the houses were 
evaluated to determine their structural integrity. Where the 
FHA Minimum Property Standards (MPS) were satisfied, the materials 
and structure were assumed adequate. For structural systems not 
meeting the MPS, an engineering analysis was performed where 
such analyses were possible or practical. Where analytical meth­
ods were not available, structural tests were performed, in par­
ticular on sandwich wall and roof panels and panelized wall sys­
tems. These tests included transverse loading, compression, 
racking, and impact.
All concrete used in the project was tested to determine 
compressive strength. Materials for which no standards have been 
established were tested for prediction of performance. The 
houses were inspected periodically to determine the actual 
performance of the materials and finishes. The cooperation 
of the builders was obtained in obtaining material test re­
sults, material samples, and specifications for use of the 
materials.
Environmental Studies and Evaluation - An engineering 
study of the thermal characteristics of the ten houses was 
made and a comparative comfort index was developed which re­
flects the influence of such factors as surface area of walls, 
roof and windows, and the thermal conductivity of the construc­
tion and the measurement of actual temperature of wall, ceiling, 
and window surfaces. The comfort index was compared to the amount 
of energy (gas and electricity) consumed by the occupants at
various times and correlated to the house configuration and 
construction system used.
As an acoustic evaluation three types of recommended tests 
were performed on each of the houses. (1) The Field Transmission 
Loss is an engineering evaluation of the acoustics noise isola­
tion properties of a wall panel as constructed in the building 
and is useful in comparing the interior wall materials and con­
struction methods. (2) Noise Isolation provides a measure of 
isolation between rooms under normal conditions where noise can 
travel all possible paths. (3) Insertion Loss is a measure of 
the effectiveness of the exterior wall in preventing outside 
noise from entering the house.
The Field Transmission Loss is clearly an engineering eval­
uation while the other two factors bear on the livability of 
a house.
Sociological and Architectural Evaluation Studies - These 
studies were designed to provide data and information for the 
following: (1) A measure of the attitude of low-income persons
toward the dwelling units. This includes positive and negative 
attitudes toward specific aspects of each house, a general rank 
order of preference among the ten structures and a comparison 
of preferences for single family houses of this type with other 
housing configurations in other patterns and diversities which 
can be achieved by utilizing the same technological resources.
For this purpose a housing center in a small temporary building 
outfitted with carefully devised display materials and models 
was developed. (2) A measure of the attitudes of certian in­
terest groups toward the demonstration project and toward the 
individual houses. Interest groups include builders, realtors, 
political leaders, civil rights leaders and religious organi­
zations. (3) An assessment of the characteristics of the po­
tential market for these houses. This included both the ability 
to purchase houses of this type and the desire to own houses of 
this type. (4) The development of a commensurate method of 
sociological and technical data gathering so that the "hard 
findings" developed by the engineering studes can be meaning­
fully related to the sociological and architectural sudies a- 
bove.
The instrument for information collection was a structured 
interview schedule which contained pre-coded fixed response 
questions, open-end questions, item check lists and, where ap­
propriate, questions to be answered by the interviewer based 
upon his observation.
A highly select team of university students were employed 
as interviewers and given intensive training before participat­
ing in the study. The data and information collected were ana­
lyzed through use of data processing equipment available at 
The University of Texas.
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Project Significance - This project is highly significant 
as the first time such complete documentation and evaluation 
of different housing systems has been attempted. The final 
report contains the detailed findings from this project. These 
conclusions point toward no easy solution to everyman's low 
cost house. However, the engineering studies indicate indus­
trialized procedures utilizing total or partial factory con­
9’-9“ t 2’-4*t K>’-2 1/2* e'-8" 4 14-0 1/2“
struction show promise of reducing cost and construction time 
as well as providing acceptable quality. The sociological and 
architectural studies indicate it is possible to determine and 
document the desires, preferences and housing needs of various 
socio-economic groups in one geographic area and that the 
approach used can be extended to similar groups in other geo­
graphic locations.
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CONSTRUCTION METHODS FOR LOW-COST HOUSING
By
V. Malakonda Reddy* 
and
A. S. Sarma**
1. INTRODUCTION
Housing is one of the major problems which India has to 
solve in a satisfactory manner. The main reasons for this 
problem being acute at present are population increase and 
rapid urbanization. Also the cost of housing, as compared 
to the limited financial resources of the community in India 
remains very high, on account of the high cost of building 
materials such as steel, cement and timber. The two prin­
cipal components of housing cost are cost of labor and cost 
of materials. The cost of labor in India is only about 30 to 
*+0 percent ’ of the total cost of construction, the cost 
of materials being 60 to 70 percent. In some developed coun­
tries, the ratio is just the reverse. So it is all the more 
important in India to introduce such housing concepts as would 
assure reduction in the consumption of structural materials. 
Any reduction in the consumption of materials will directly 
reduce the cost of labor and this can be achieved by intro­
ducing better design concepts and new construction techniques.
2. LOW-COST DESIGN CONCEPTS
The general economy in the construction of a house can 
be achieved by:
a) Proper layout
b) Proper selection of materials
c) Better structural designs and
d) Speedier and economical construction methods.
Before presenting the new techniques in building construction, 
it may not be out of place here to give a brief account of 
the conventional methods of construction adopted in this 
country.
3. CONVENTIONAL METHODS OF CONSTRUCTION
A house, basically, consists of two major structural 
elements-walls and floors of roofs. These two items including 
doors and windows, in a conventional house, account for more 
than 70% of the total expenditure on it.
3.1. The conventional types of walls.
i) Mud walls with or without bamboo reinforcement,
ii) Brick masonry walls,
iii) Stone masonry walls.
3.2. The conventional types of floors or roofs,
i) Thatched roof.
ii) Tiled, Asbestos cement, or Galvanised Iron sheet roof,
iii) Madras terrace and the allied floors or roofs,
iv) Reinforced concrete floor or roof.
‘Department of Civil Engineering, Regional Engineering College, 
Warangal-4, A.P., INDIA.
‘•Lecturer in Civil Engineering, Regional Engineering College, 
Warangal-4, A.P., INDIA.
The above types of walls and floors or roofs are not 
very advantageous on account of one or more of the following 
reasons:
i) Heavy increase in the price of building materials,
ii) Lack of economy in structural design,
iii) Slow and laborious process of construction,
iv) Short span of life.
v) Expensive maintenance.
Various attempts are now being made to devise new methods 
of construction, which can reduce building costs and also 
speed up construction, without affecting either the strength 
or the durability of the building.
4. NEW METHODS OF CONSTRUCTION FOR LOW-COST HOUSING
In recent years, prefabrication of components of houses 
or complete houses has proved to be the most satisfactory 
method for reducing the consumption of structural and center­
ing materials, construction time and skilled labor required 
at the site of work. Prefabrication does not necessarily 
mean mass-production, mechanization or installation of ex­
pensive equipment.
Large scale mechanized prefabrication industry will be 
premature at the present stage of housing efforts in India 
because India does not have a strong industrial base and the 
great majority of the people live in rural areas which lack 
good transport facilities. A simple style of prefabrication, 
without the use of expensive equipment or mechanization is 
the need of the day. It would be possible to effect overall 
economy in low-cost housing if prefabrication is adopted for 
the components which are light enough to be handled by a 
few men or a small mobile crane. The manufacture of the com­
ponents should be located near the site of the housing pro­
ject to reduce the transport charges. Also the locally 
available materials such as soil, stone, lime, fly ash, coal 
ash etc. should be used as freely as possible without sac­
rificing the quality and the strength of the products.
4.1. New forms of walls:
Some of the recent methods of construction of walls 
using the locally available materials and prefabrication 
techniques are illustrated below:
Oi) Rammed stabilized mud .Vide Fig.l.
For a single-storey house, the cheapest wall one can 
think of is a rammed in-situ stabilized mud wall. It can be 
built by laying mixture of mud with water and crushed straw 
into a sliding form and ramming it. Next layer is done after 
hardening of the previous one. For stabilization it is ad­
visable to add cement or clay. Sliding form is made of timber 
as a unit about 10' long. The usual thickness of wall is 10". 
The wall can be improved by plastering or white washing.
ii) Soil-cement blocks3 .Vide Fig.2.
These blocks are used in walls varying in thickness from 
6" to 12" upto a height of 12'. Soil-cement blocks are made 
by hand or power-operated machines in a standard unit size of 
4" x 8" x 12" and also in three-quarter unit and half unit 
sizes. Soil-cement mixtures with optimum moisture content 
are selected to give a minimum compressive strength of 250 
lbs/in2 and a flexural strength of 50 lb/in2 after 28 days, 
n i )  Concrete hollow blocks * Vide Fig,3.
Prefabricated concrete hollow blocks are made from heavy 
or light-weight concrete can can be used for one or two- 
storyed houses as bearing walls or for multi-storyed houses 
as partitions. Blocks of nominal size 8" x 8" x 16", also 
three-quarter and half length blocks are produced using wooden 
or steel moulds by hand or machine. The walls are laid in 
the conventional way using composite cement lime mortar (1:1:10).
iv) Pillars and panels** Vide Fig.4.
The pillar units can be of any suitable size but the most 
convenient one is 8" x 8" x 12". Such units can be solid or 
hollow and are provided with a groove on the sides to receive 
the panel slabs. They are made in cement mortar (1:6) in the 
same manner as concrete hollow blocks.
The panel slabs are 1 1/2" to 2" thick and 12" wide.
The length varies with the spacing of "he pillars. The con­
crete mix used is (1:2 1/2: 3 1/2) and the reinforcement is 
1/4" bars longitudinally and 1/8" bars transversely at 8" 
centers. These units are made in simple wooden or steel moulds.
v) Precast panels (UCOPAN)2 *^.Vide Fig.5.
These panels have been designed and standardized by the 
Calcutta Metropolitan Planning Organization. The panels are 
1 1/2" thick and have two sizes 3' x 9' for walls and 3' x 10' 
for floors and roofs. Different types of wall panels with 
voids for doors, windows, ventilators or solid ones can be 
manufactured in a single-type universal form by using re­
placeable inserts wherever necessary. The panels have a mesh 
reinforcement consisting of steel bars of diameters 1/8",
3/16", 1/4" and 5/16". They have ribs 8" in depth which serve 
to provide the rigidity needed.
v) Precast panels and cost-in-situ columns Vide Fig.6.
The panels are 1 1/2" thick and are lightly reinforced by 
steel mesh. They vary in size from 3*-2" x 3'-0" to 3'-4" 
to 2'-6". A set of two panels is placed together with an air 
gap of 4" to form the wall of 7" thickness. The sets of 
panels are keyed by cast-in-situ reinforced columns of 4" x 
4" size. The columns are made continuous from foundation slab 
to roof slab, thus making the walls and roof act in a mono­
lithic way.
n4.2. New forms of floors and roofs 
4.2.1.Floors
During the last 30 or 40 years the conventional types of 
floors have gradually given way to reinforced concrete floors 
which are being adopted on account of many advantages inherent 
in them. Although in-situ reinforced concrete construction
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is still predominant, recent attempts to bring down the cost 
of house construction have evolved a number of new systems of 
precast floors. The new systems can be broadly classified into 
two categories, one category using entirely precast units for 
structural action and providing 1" to 2" topping of in-situ 
concrete only as a finish and the other using composite con­
struction of precast units and in-situ concrete for structural 
action. The chief draw back of the former is the loss of 
monolithy compared to cast-in-situ construction. The latter 
combines, to a large extent, the advantages of both forms of 
construction. The types of floors that are going to be 
described are for relatively light loads, say, a live load 
of 40 lbs/sq.ft. and are ideal for low-cost houses.
i) Precast T-beam type,Vide Fig.7 and 21b
This floor system is very simple and easy to construct 
and has been successfully used on a number of constructions in 
India. It is of two types - ordinary and hollow. For all 
spans, these units have a uniform flange width of 12". The 
depth of the rib and the reinforcement are adjusted to suit 
the span. After units are set in position, the joints are 
grouted to make them water-proof, with cement mortar (1:2), 
mixed with 10 percent of (by weight of cement) crude oil.
The hollow type of floor, although more expensive, pro­
vides better heat insulation and also has the added advan­
tage of better appearance due to flat ceiling. The T-beam 
units are cast in simple moulds either of wood or steel. If 
the number of units required is small, an adjustable mould 
can be made to make T-beams of different depths.
ii) Composite T-beam type. Vide Fig.8
This floor consists of precast rectangular ribs support­
ing precast slabs of 6* span and a layer of 1 1/2" thick 
in-situ concrete laid over them. The in-situ concrete when 
poured, bonds with the precast rib and slabs so that the 
rib together with portions of precast and in-situ slabs, acts 
as a T-beam; this action is further aided by the provision 
of stirrups protruding from the rib. For all spans, propping 
of beams at mid span is essential until in-situ concrete has 
hardened sufficiently.
iii) Composite I-joist-slab type. Vide Fig.9
This floor is similar to the composite T-beam type ex­
cept that I-joists are used instead of rectangular ribs and 
the ciling tiles are supported by the bottom Flanges of 
I-joists. The maximum spacing of the joists is usually 
limited to 3'-0" to facilitate the provision of flat ceiling. 
Joists exceeding 12' span require propping.
iv) Composite Joist-Filler block type. Vide Fig.10 S 21c.
In this floor, the depth and spacing of joists are 
governed by the dimensions of the filler block. The filler 
blocks can be assumed to assist the cast-in-situ slab in re­
sisting the bending moment. For the purpose of calculation, 
the thickness of the shell of the filler block may be added 
to the slab. As the span of the slab is small, reinforce­
ment for shrinkage and temperature stresses only is provided.
Work that is being carried out on this floor is described in 
para 5.
v) Precast Cellular slab-beam type.
This floor system was developed by the Central Building
DResearch Institute, Roorkee, India. It is similar to the 
composite Joist-Filler block type (Fig.10) except that the 
filler blocks are replaced by 4" thick cellular slabs of 
size 20" x 40" allowing a larger spacing of 40" for the joists. 
The floor can be made of entirely precast units or composite 
in construction.
vi) Precast Hollow beam type.Vide Fig.11.
The units for such floors are manufactured in one piece 
to the required span and therefore are restricted to a max­
imum span of 14' as beyond this limit the individual units 
become too heavy for easy handling. The beams are usually 
made 12" wide and their depth is varied to suit the span.
The hollow cores are made by means of pneumatic tubes, which 
are inflated to the necessary pressure and fixed in position. 
About 12 hours after the concrete is laid the tubes are de­
flated and removed.
vii) Precast Joist-brick type.Vide Fig.12.
The floor system consists of precast trapezoidal joists 
with bevelled bricks on edge placed between them. The 
bricks can be bevelled at edges by masons during construction 
or they can be specially manufactured. This system is 
recommended where bricks of good quality are available at a 
reasonable rate. The depth and spacing of joists are governed 
by the dimensions of the brick.
viii) Precast panel type. Vide Fig.13.
The special feature of this floor is that a standard 
panel of size 8" x 24" x 168" has been developed by the Cal- 
cutta Metropolitan Planning Organization for the purpose of 
using it for low-cost housing in rural areas. The use of this 
standard panel eliminates completely the forms and scaffoldings 
and the need for plastering the concrete surfaces. The amount 
of concrete and steel required for this panel is found to be 
considerably less than that required under conventional cast- 
in-situ flooring.
ix) Precast doubly curved tile type.9Vide Fig.21a.
This floor system consists of 3/4" to 1" thick plain 
concrete doubly curved tiles square or rectangular in plan 
supported on partially precast concrete joists. The method 
of making tiles and joists and construction of the floor is 
so devised that it can easily be adopted by unskilled workers, 
even at the village level. By adopting a smaller size of the 
tile (shell) units, even the normally required R.C.C. edge 
beams can be omitted.
4.2.2.Roofs:
The construction of precast roofs is similar to that of 
floors except that the roofs require improved insulation through 
a ceiling or by an additional insulation course. The special 
requirements for roofs are given below:
Water Proofing: In order that a roof is leak-proof against 
heavy rains, it is adequately sloped to drain away water
and a water proof course is laid over the structural slab.
The slope required is generally 1 in 50 and is provided either 
in the structural roof or in the insulation layer.
Several methods of water proofing are available in­
cluding .
i) Lime terracing - an indigeneous method popular in 
the Eastern and Northern parts of the country, 
and ii) Laying a bitumen compound or felt.
A simple method of water proofing is to place a layer 
of paper or bitumen and cover it with another layer of 1 1/2" 
thick flat tiles set in cement mortar.
Thermal insulation: Due to the prevalence of high tempera­
tures in India, thermal insulation of roofs is very essential 
for comfortable living.
A number of proprietory insulating materials, which are 
costly, are available but equally effective results can be 
obtained with a 3" layer of earth preferably mixed with rice 
husk and covered with 3/4" flat tiles set in cement mortar 
or a 2" insulating concrete layer made with rice husk, cin­
der or other light weight aggregates.
As air is a good insulating medium, the adoption of such 
roof systems as Hollow beam, Cellular slab-beam or composite 
joist-filler block type in which air spaces are preformed 
in the structural portion of the roof itself is advantageous. 
In such roofs, the insulation layer may be dispersed with 
or its thickness can be considerably reduced.
4.3. New forms of door and window frames.
Since good seasoned wood is not easily available ex­
cept at exorbitant prices, substantial savings in cost can 
be affected by replacing the timber frames of doors and win­
dows by those of reinforced concrete. They cost about half 
the price of country teakwood and are becoming increasingly 
popular, especially for low-cost houses. The details of doors 
and windows with R.C.C. frames are given in Fig.17.
4.4. New forms of lintels.
For low cost houses, dressed stone lintels upto a clear 
span of 3'-0" are used. Even stone sunshades are used when 
they are locally available. Also present R.C.C. lintels with 
or without sunshades are widely used. The details of a pre­
cast lintel with sunshade are given in Fig.18.
4.5. Erection.
A simple device of lifting precast roof units is ill­
ustrated in Fig.19. In this device, no special mechanical 
lifting tackle is used. The units are tied with ropes and 
dragged up along the inclined rafters by two unskilled 
laborers.
5. WORK BEING CARRIED OUT BY THE AUTHORS.
The authors are now investigating the various aspects 
of the composite joist-filler block system (Fig.10) with a 
view to effecting further economy. This system, because of 
its flat ceiling, has better appearance. It also has better 
insulating properties due te the presence of hollow spaces in 
it. The cast-in-situ concrete while acting as a compression
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flange of the joist, makes the system monolithic. It uses 
less quantity of steel for the same covered area and virtually 
eliminates the costly forms and scaffoldings. It is about 
25% cheaper than the conventional R.C.C. roof. The units 
(Filler blocks and joists) are manufactured using simple 
wooden moulds shown in Fig.14 and 15 respectively.
In some of the filler blocks, cement is partly replaced 
by fly ash to reduce their cost and sand is replaced by coal 
ash to reduce their weight. Also short pieces of binding wire 
are mixed in the cement mortar on the tension side of some of 
the filler blocks to see whether they will improve the ten­
sile strength. In order to study the short and long time be­
havior of this roof, a demonstration room is constructed and 
it is now under observation. The photographs showing the 
filler blocks as they are manufactured and the wooden mould 
used to manufacture the same are given in Fig. 16a and 16b 
respectively. The photograph showing the arrangement of the 
filler blocks on joists is given in Fig. 16c.
6. TYPICAL LOW-COST HOUSES.
In India, according to a recent estimate, there is a 
dearth of about 12 million houses in urban areas and 72 
million houses in rural areas. Most of these houses are 
generally needed for slum clearance schemes in big and small 
cities and for accommodating the growing number of industrial 
workers, whose needs can be met by low-cost houses. A low- 
cost house is generally meant for a small family with low- 
income and consists of one or two living rooms in addition 
to a kitchen with dining room, bath and lavatory. The bath 
and the lavatory rooms may not always be roofed. The area 
of such houses varies from 150 to 400 sq.ft, and the cost is 
about Rs. 25/-per sq.ft, of plinth area, if the conventional 
type of construction is adopted. The typical layout of a 
low cost house with conventional type of construction is given 
in Fig. 20. The sections of three units of low cost-houses 
with load bearing walls using new forms of construction are 
shown in Fig. 21.
Also the plan, section and elevation of a typical low- 
cost house with non-load bearing walls and candella type 
hyperbolic paraboloid roof10 are shown in Fig. 22. The 
photographs showing the form work for the shell and the 
partition walls of the house are given in Fig. 23a and 23b 
respectively.
The houses, the details of which are given in Fig. 21 
and 22 are actually constructed at Visakhapatnam by Town- 
Planning Trust^ for demonstration. A statement of compa­
rative costs based on the type of construction is given in 
Table. I.
TABLE.I.
Statement of comparative costs.
SIJJo* Type of construction.
Plinth Plinth
area of area Remarks.
one unit, cost/
sq.ft. sq.ft.
Rs.Ps.
1. Conventional brick masonry 
(load-bearing) for walls 
with R.C.C.roofing and 
cement or stone slab 
flooring (Fig. 20).
2. Precast concrete hollow 
block masonry for walls with
D.C.shell roofing and 
Hessian flooring(Fig.21)
3. Precast concrete hollow 
block masonry for walls with 
precast T-beam roofing and 
precast slab flooring (Fig.21)
4. Precast concrete hollow 
block masonry with composite 
joist-filler block roofing 
and brick on-edge flooring 
(Fig.21)
5. 9" and 6" brick masonry for 
partition walls with Cande­
lla type H.P.shell roofing 
and brick-on-edge flooring 
(Fig.22)
340 25.00
170 14.64 This cost is
based on the 
existing rates 
of materials 
and labor in
170 15.04 Andhra Pradesh
South India.
170 14.15
264 11.50 Bath and W.C.
not roofed.
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FEASIBILITY OF PREFABRICATION IN LOW
COST HOUSING
By
Dr. Dogan Sorguc* 
David Arditti** 
Taha Aksoy***
INTRODUCTION
Housing construction which is defined as "one of the thermometers 
that fa ith fu lly  re flec ts  the economic situation of the country"^^ has 
strong social, economical and po litica l impacts. Those are the facts 
explaining why industria lly  advanced countries are producing remarkably 
more dwellings that the developing countries. Studies made in sixties
showed that at the beginning of this decade the output of USSR has
(21reached 15 dwellings/1000 population' '  while the developing countries 
could produce 2 or maximum 5. USA could realize 7.4 between 1963-67. 
They, now, decided to improve it , starting the "Operation Breakthrough" 
by which a mass production of housing w ill be launched a ll  over the 
country, the target being the provision of housing for low income 
fam ilies and therefore low cost housing; the problem which arises is
(3)that o f the high productivity and rationalization. '
The low cost housing or social housing is nowadays completely 
lacking in developing countries due to their economic conditions as 
the savings are not enabling public subsidies to carry out large hous­
ing projects. The amount of public investments in housing was a. g. 
only 1.67, of housing investments in Turkey during 1467^ , thus 
furnishing one of the main social criterias of developing countries.
On the other hand the shortage of housing in developing countries 
excels terrifying sizes due to high rate of increase of population and 
urbanization. The only way to counteract this trend is rationalization  
on sector level in order to increase the productivity and to decrease 
cost of the construction.
For purpose of planning and control, objective and standard model 
of analysis is required. This model should permit evaluation of any
measure or comparison of different systems to be considered. In the
(21follow ing article  such a model is presented to find out the f ia s i -
b i l i t y  of prefabrication in housing construction, laying the emphasis 
on closed system of prefabrication, much envied by developing countries. 
This method is also used to a certain extent in some of the industrial 
countries of Europe, like France versus rationalised traditional hous­
ing construction in Western Germany. To demonstrate the application of 
this model an example is calculated by means of Turkish data. Due to 
the fact that some of those data obtained from different sources as the 
State Planning Organization, the State Institute of Statistics, the 
Ministry of Public Works and construction of dwellings were inconsistent 
and the data for prefabricated construction were insufficient, it has 
been found necessary to fix  some assumptions with reference to the app li­
cation performed in other countries.
1. THE COST MODEL
According to research works of Dr. Dogan Sorguc performed in 1967, 
as cost system of housing production has been defined as follows ( 2 ) :
c «  cL + c2 + c3 + p> c4
where ;
c “ Total cost o f housing
C 1 - Land cost
C2 - Interest cost
c3 - Consultation cost
C4 - Production cost
P - Factor of benefit
= ! + r(
V Factor of contractor's benefit
The production cost (C4 ) may, in its turn, be feflned as :
C4  -  c41 + c42 + c43 + c44 + c45 + c46
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where
C4  ^ «  Cost of moving in, ie erecting equipment and plants
C4 2 “ Site overhead cost, ie cost in site  office
C4 3  = Business cost, ie costs in central o ffice  
(administration costs etc.)
C4 4  = Capacity cost, ie costs of labor and equipment 
C ^  = Construction materials cost 
C4 6  = Finishing cost
The capacity cost (C44) is directly proportional with the 
number of producing workers (and the quantity of machinery), the working 
time of workers (and of machinery), and is indirectly proportional with 
the labor (and machinery), job and management e ffic iencies. It  may, 
therefore, be defined as;
C44 = C44A + C44B
where
C. ., = Cost of labor 44A
C4 4 B = Cost of machinery
The construction materials cost (C ^ ) is directly proportional 
with the quantity of materials used, the unit cost of m aterials, trans­
portation distance and unit cost of transportation. This factor, may 
be considered for main materials such as:
C, „ = C,c, + C ... + C/r„ + C,45 451 452 453 454
where
C4 5 1  * Cost of cement
” Cost of reinforcing steel
C , «  Cost of timber453
C/c, = Cost of bricks and tiles454
The finishing cost (C ^ ) is mainly due to labor and materials used for  
finishing;
C46 “ C461 + C462
where
C^6  ^ »  Labor cost for finishing  
C462 = Materials c°st for finishing
2. EVALUATING THE FACTORS OF COST
Before starting to calculate the feas ib lity  of prefabrication in 
housing production, it has been found necessary to evaluate the weight 
(or shares) (W) of each of each of the above defined factors in the cost 
function. Any factor of cost (CR) may thus be written in relation to
another one ( C )  as :
N ** N
^  “ WK Si WK giving the percentage of in C^ j
a) It has been evaluated that the large housing production, the Land 
Cost (Cj) should not be more that 5-10% of the Production Cost (C^) (2). 
Taking an average of 7.57., this gives:
Wj » 0.075 or
Cx - 0.075 C4 .................. (1)
In the same way, it has been found out that the consultation Cost (C^) 
amounts approximately to 3-5% of the Production Cost (C4) (4). An 
average of 4% gives;
Wj » 0.04
or C3 - 0.04 C4 .................. (2)
The American and German literature generally assume an average in­
vestment of Cj +■ C^ over the construction period.
Together with the Interest of Land Cost (C ^  (as shown in the following  
graph ), th ird re la tion  may be obtained.
C n . i . (C. + C, ) • (3 )
Assuming an in terest rate o f i  •  6%, a duration o f n *  1 year 
and using the basic cost model:
C = C, + C, + C, + C,“1 2  3 '  “4
follow ing resu lts  may be obtained:
0.030)
(4)
Cx = 0.065 C (or O
W1
C2 = 0.030 C (or O
W2
C3 = 0.033 C (or 0W3
C. = 0.870 4 C (or
0
W4
T in e
b) A research made by UN in 1963 provides that the Erecting Cost (C ^ )  ,
The Site Overhead Cost (C ^ )  , an<* the Business Cost (C , , )  from about43
5-107. of the Production Cost (C^) excluding the Finishing Cost (C^^) (5 ). 
In Turkey, due to special conditions o f the construction industry this 
percentage has been taken as 10%. Consequently:
C, + C, . + C, (c , - C . , )“41 ' ”42 ' “43 v“4 ~ “46 y ...................  (1)
The same s ta t is t ic s  show that the Capacity Cost (C44) varies between
30-407, o f (C^ - C^6) and that the Bu ilding Materials Cost (C ^ )  I s about
607, of (C, - C. . )  in Asian countries.4 46
It may, therefore, be written:
“44 = 0.30 (C4 - C46)
= 0.63 (C. - C. , )
( 2)
(3 )45 v 4 46'
On the other hand, studies made with competent contractors and 
authorities in Turkey resulted that the Finishing Cost (C . , )  is
4 0
approximately the 407. of the Production Cost (C4) .
c46 = ° ' 4 0  C4 .................................................. (4)
The 4 re la tions given above enable the follow ing fin a l resu lts  to be 
obtained:
C, , + C, ,  + C, .  = 0.06 C.41
“44
“42
0.18
"43
c) From UN s ta t is t ic s  for European Countries, it  has been evaluated 
that the Equipment Cost (C4 4 g) constitutes 4-167, of the Capacity Cost 
(C4 4 ) (5 ) .  Considering the lo ca l conditions o f Turkey a percentage of 
107, has been extimated for this purpose, leading to the fo llow ing re-
su its :
C, , = 0 .1 0 C, ,44B 44
C44A “ ° ' 90 C44
d) The major d i f f ic u lty  in evaluating the shares of each factor accord­
ing to loca l conditions has shown i t s e l f  in the M aterials Cost (C4 j ) .
This has been overcome for Turkish conditions by means o f data provided 
by the General D irectorate of Construction M aterials o f the M inistry  
of Housing and Settlement. The evaluation is given in table I .
In this tab le :
( i )  M represents the standard in amount of m aterials/unlt
2
(in  m *  10.76 sq. f t . )  of construction ( 6 , 7 ). (i)*
( i i )  C represents the unit costs o f m aterials in monetary units
” (8)
(MU)/unit o f construction1, '
—  2
( i l l )  is  in MU/unit (m )  of construction
(iv )p  is the share in percentage.
e) The Structure o f  the Finishing Costs (C4 g) required further
stud ies. Data provided by competent authorities and experienced
contractors lead to the resu lt  that in Turkey the Labor Cost (C . , , )461
forms about the 30% of the to ta l Finishing Cost ( C ^ ) > leading to:
C4 6 I -  ° ‘ 30 C46
C462 -  ° - 70 C46
The resu lts  obtained in items (a ) through (e ) may shortly  
be shown in a tabu lar form as given in Table I I .
3. Evaluating Savings
A p a ra lle l study taking as basis  a comparison o f conventional
housing construction with construction by means of closed system of
f 91prefabrication  gave the follow ing resu lts  fo r  Turkey ’ .
a) Since a comparison of bu ild ing  systems having the same magnitude as 
size and area is  considered, i t  fo llow s that the land cost (C ^ ), 
w i l l  not be a ffected  by the change o f system.
b) According to the studies made on the construction time in Eastern  
Germany, i t  is  reported that 10 months per block of 40 f la t s  were 
needed in trad ition a l brickwork while this value dropped down to 
3.5 when constructing by means of heavy elements^**^.
c) This re s u lts  a saving of 457. in the Interest Cost (C2) • The 
design period o f p refabrication  pro jects is langer and i t  needs a 
high percentage of specialized personnel. However, since a high 
degree o f typ ification s is  used several times with minor a lternations. 
I t  may therefore be concluded that the Consultation Cost (C^) is not 
to be a ffe c t iv e  remarkably by p refabrication .
d) The saving obtained in the In sta lla t io n  Cost (C ^ )  atlci the Site
Overhead Cost (C42) may neglected due to their very low percen­
tage a ffec t in g  the Production Cost (C4) .
e) Beside administration costs and the general costs in central o f f ic e ,  
the depreciation of the prefabrication  plant and the transportation  
equipment must be included in the Business Cost (C43) in case of 
prefabricated construction.
Data obtained from F ren ch ^ ^  and Germ an^^ standards as well 
as from an example o f prefabrication  in Turkey (E r e g li ) ,  show that due 
to depreciation and interest in to ta l Construction Cost (C) increases by 
about 2% for a production size  of 800-1000 dwellings per year.
f )  A survey on manhours needed in trad ition a l and prefabricated con­
structions gave as a resu lt that fo llow ing savings ( £,) are rea lized :
Country & (7.)
England 61
USSR 54
(143Western Germany 67
Eastern Germany 58
Denmark 40
Turkey 28
The same amount of saving w i l l  a lso  be rea lized  in the Labor Cost 
C^44A^‘
Taking into consideration the prim itive stage o f construction industry 
in Turkey, i t  has been estimated that a maximum saving o f 587. w i l l  possib ly  
be reached in the future.
g) While the Machinery Cost (C ^ g ) forms about the 107. of the Capacity
Cost (C , , )  , th is  value increases up to 40% in case of pre fabrication
4 4  (5)increasing hence the Machinery Cost (C/|/|B) by at least 100% .
h) According to the s ta t is t ic s , i t  is seen that there is no change in 
the amount o f cement (C ^ ^ )  and steel (C432) when usi ng p re fabrication  
techniques.
1) Since, in case o f p re fabrication , no forms and scaffo ld ings are used 
in s ite , a saving of 38.5% is obtained in timber (C4 5 3 )  > the rest  
is  being used fo r  carpentary.
j )  Since no bricks are used in the prefabrication  technique considered  
a saving of 1 0 0 % is obtained in the use of this m ateria l. ^ 4 5 4 )  ■
k) A saving o f 50% is  to be obtained in fin ish in g  labor cost (C^61) due
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to flow work methods applied In prefabrication while no change w ill be 
observed in cost o f materials (C ^ ^ ) '
The information given in the above items may be summerized on 
the right side of the dark separation line of the table H I .  By using the 
weight (in  percentages) of each factor, given a lso  in this table, the over­
a l l  maximum economy is calculated.
In this table:
( i )  The saving in ( £ ^ 3 ) is  obtained considering the increase
of construction costs due to the depreciation of plant and steel forms.
This increase is found to be 12-227. of the total construction cost (C)
according to data availab le .
N
( i i )  wR represents the percentage of the factor CR in the factor C^. 
CONCLUSION
This analysis gave as fin a l resu lt that construction by means of 
prefabricated components is about 97. cheaper than the conventional way 
of build ing in Turkey. A further analysis of the table I I I  shows that 
the saving is mainly due to production costs. The largest saving ob­
tained in cost of production is  due to construction materials although 
the saving relaized in the cost of capacity and the fin ishing costs are 
not less s ign ificant. The saving due to bricks and t ile s  seems to be 
overweighing, in the cost of construction materials in Turkey. In this 
a rt ic le  the cost increase due to the depreciation of prefabrication  
plant and steel forms is taken as 127. of the total construction cost.
Such a. low value may be obtained only when prefabrication plant and 
forms are used to the lim it of their economic lives . Otherwise this 
value may reach 227. which makes the application o f prefabrication  
technique less feasible  than the conventional methods of construction.
The overa ll saving of 971 of costs may be expected to be higher in indus­
t r ia l countries due to low capita l costs and high costs o f labor. The 
latters influence being n u llif ie d  by low productivity of labor in develop­
ing countries, the amount of saving might merely depend on cost of capital. 
The experience of the author in Europe showed that savings obtained by 
prefabrication in those countries were not sign ificantly  higher than 97. 
during the last decade. The importance of such a result should be taken 
into consideration from the national economy point of view and the con­
sequences should be discussed in deta il as soon as possible.
This model has proved to be flex ib le  enough to work in different  
levels of sta tist ica l materials: It  may be extended for accurate cal­
culations, when detailed data are availab le ; it  is also applicable to 
the conditions of developing countries marked with scarcity and low 
quality of sta tis t ic a l m aterial, thus providing rough approaches to 
the problems at preliminary stages. This model may also be used 
for calculations of sen sib ility  to stipulate the influence of different  
factors on costs of building construction when large number of data 
are ava ilab le . The system might, in this case, be computerized.
ANNEX I
Table I - The components of
Materials Unit
—
M* Si Si P
Bricks No- 192 0.13 2 1 . 6 17.6
Timber 3m 0.044 700 30.8 25.2
Stee 1 Kg 20 1 . 6 6 33.2 27.1
Cement Kg 170 0.155 26.4 2 1 . 6
Tiles No. 6 . 6 8 0.56 3.7 3.1
Aggregates 3m 0.385 1 1 4.2 3.4
Lime Kg 19.5 0.13 2.5 2 . 0
Table I I I  - The factors of saving
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A CASE STUDY IN INDUSTRIALIZED HOUSING
by
William  L. Hooper*
The decade of the seventies w i l l  prove to be a period of great 
in s tab ility , change and accomplishment for the housing industry. Those 
companies which find the righ t mixture of technical and managerial in­
novation w ill achieve unparalleled growth in sales and pro fits. Ten 
years from now, they w ill look back at the record and take great pride 
in their proven capab ilities to identify and exploit a unique industrial 
opportunity. The artic les  written in Fortune and The Harvard Business 
Review w i l l  stress the insight and imagination employed by these gifted  
business leaders as they assessed environmental opportunities and risks 
and deployed their resources in a manner calculated to best the opposi­
tion.
The history of technological change and industrial innovation con­
tains many similar analyses; each written a fter the fact, with l i t t le  
rea l probing of how c r it ic a l events actually took place, and brimming 
over with confidence that the destiny of each successful enterprise 
was determined by the leadership of top management. However, there is 
another body of literatu re, much smaller and much less widely read, 
which raises fundamental issues about the process o f industrial innova­
tion. On close examination, the triggering event often happened years 
before the actual realization  of large economic benefits. In many cases 
the events were serendipitous, accidental. These investigations suggest 
that the in it ia l stages of innovation often were accomplished in spite  
of management'8 negative attitude, not in accordance with the wishes of 
a far-sighted chief executive.
So we may ask, what is  the rea l nature of change in the housing 
industry. Are events taking place today — battles being fought, de­
cisions made, action taken - -  which w ill shape the future of the hous­
ing industry. I f  so, every e ffo rt should be made to understand these 
events now, before the accounts of such happenings can be colored by 
individual and organizational se lf-in te rest. Otherwise, accidental 
happenings, mistakes leading to unanticipated benefits, and Illo g ic a l 
action w i l l  be forgotten, or w ill be transformed with the help of a 
faulty memory into a carefu lly  conceived strategic plan.
In my judgment, the most interesting, c r it ic a l and instructive 
period in the process of industrial innovation is  the incubation per­
iod - -  the occurrences preceding any identifiable changes in overall 
industria l output. The housing industry seems to be passing through 
this incubation period at the current time. I have chosen to bring 
before you one small glimpse of this incubation process by describing 
the events surrounding the movement of one company, Boise Cascade, into 
m ulti-fam ily modular housing.
Today, Boise Cascade is  committing men and money to develop ad­
vanced concept building systems and to in itia te  their manufacture and 
marketing on a large scale. It  would be tempting to describe our f ir s t  
major e ffo rt  in modular townhouse development as a carefully planned 
experiment which preceded that commitment.
This was not the case. The development was in part accidental; 
pushed forward at the working level by a few dedicated people without
*  General Manager, Boise Cascade Housing Development
much attention or support from management; and conditioned by a number 
of assumptions which have not proved to be accurate. In spite of these 
hard facts of l i f e ,  the design has great merit; overcomes many 
inadequacies of modular housing, and is probably the most promising, 
of any fu l ly  tested modular townhouse concept in the United States.
I  would like to relate b r ie f ly  the sequence o f events which brought 
this product into existence and w i l l  illustrate the design and prototype 
construction. During the f ir s t  h a lf  of 1968, Boise Cascade was a par­
ticipant with Gulf Reston in a HUD-sponsored project to design low in­
come modular garden apartments. A few test modules were bu ilt  but the 
project was not deemed a success. There was a waning of interest on the 
part of some participants and Gulf Reston did not choose to use the 
building system as originally  anticipated.
This unhappy experience helped create an environment which was 
something less than favorable for new systems development. Furthermore, 
the part of the organization which carried out this work experienced 
changes in management shortly thereafter and was caught up in preparing 
plans for the relocation and consolidation of the division. Moral was 
at a low point.
Later that year (1968) several possib ilities arose for carrying on 
additional work in modular systems development. For example, the organi­
zation was approached by a team o f architects in Ann Arbor with a pro­
posal to team up in order to respond to the Metropolitan Detroit Citizens 
Development Authority program in Detroit. Winners of the design compe­
tition were to receive a firm commitment for the purchase o f 800 housing 
units. Although the proposition was an exciting one, the architects did 
not appear to grasp the c rit ica l aspects of factory assembly and a deci­
sion was made not to risk  a repeat of the unsatisfactory Reston experience.
Another possib ility  was to jo in  forces with a well known Chicago 
architect to design in - f i l l  housing units for the Chicago Housing Author­
ity . A fter some preliminary work, this idea too was abandoned because 
the system concepts were not very attractive, plant locations were not 
appropriate and competitors seemed to have some significant advantages. 
Similar consideration was given to the development of systems for in­
f i l l  housing in Pittsburgh, but this project was aborted as well.
In the meantime, the Boise Cascade design team directly associated 
with the Reston project were not encouraged to continue work on modular 
housing and, in fact, were assigned to the design and production of 
classrooms.
At the end of 1968 few people would have entertained high hopes 
for a pioneering e ffo rt  in modular housing by this division of Boise 
Cascade. Some competitors were on the move, and seemed to be outpacing 
the company. National Homes, Peerless, and others were building proto­
type townhouses in Detroit. National Homes erected modular townhouses 
in Chicago and generated a torrent of publicity. On the other hand,
Boise Cascade was doing well in established housing and building mater­
ia ls  markets and appeared to be happy with a policy of "lay ing in the 
weeds" watching the costly and sometimes disastrous e ffo rts  o f others 
to produce modular multi-family housing.
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The move o f the Boise Cascade d iv is io n  to Atlanta seemed to divert 
temporarily some o f the energies o f the d iv ision  personnel. However, 
i t  had quite a d iffe ren t  e ffect upon a design consultant who had been a 
key figu re  in the organ ization 's studies of modular housing. I t  gave 
him an opportunity to assemble h is  thinking about the deeds and misdeeds 
which had been perpetrated in the name o f modular townhouse design. He 
could v isu a liz e  some other approaches and with the u n o ff ic ia l help of a 
few h igh ly  motivated technical personnel in the d iv ision , he began to 
move toward a design solution.
Shortcomings o f competitors' products were noted. Design was 
uninspired at best and fundamental design problems were to be found in 
most o f  the modular designs then proposed. A lso , most designs were 
stra it-jack eted  by a r ig id  box geometry which led in turn to poor space 
u t iliz a t io n , unattractive rooms and wasted space as w e ll as a depres- 
singly s t e r i le  exterio r appearance. In many cases workmanship was poor 
and erection  and trim -out was a h it-o r-m iss proposition. In spite of 
the d i f f ic u lt ie s  experienced by others, the Boise Cascade group continue 
their exp loration, hoping to find  a "second generation" design which 
would elim inate these problems.
At no time was fundamental consideration given to marketing strate­
gies or to the iden tification  o f a preferred market segment for modular 
housing. The objective of this small group, working without sanction 
by management, was to prove their own capab ility  to out-perform design 
groups in other companies in applying the modular housing concept to the 
needs o f  low-income fam ilies. Because of e a r l ie r  contacts with the 
Chicago Housing Authority and the p r io r  location of the group in Michi­
gan, the design progressed as a solution for low-income family housing 
in the heavily industria lized  metropolitan areas of the Great Lakes 
Industria l B e lt . Im plicit design goals generally accepted by the group 
included:
. low unit cost
. high bedroom counts
small room sizes close to FHA minimums
. high res id en tia l densities
. accommodation of innovative s ite  design concepts
. adherence to established design principles and model codes 
Basic to the emerging design was a new sp atia l concept ca lled  
the interlock  plan. Each housing unit would be composed o f two modu­
les and parts o f two adjacent modules. This made possible  an e ffic ie n t  
and liv a b le  floo r  plan for re la t iv e ly  small housing units with up to 
five bedrooms. It  a lso  had inherent f le x i b i l i t y  because housing units 
of varying room sizes and bedroom counts could be "in terlocked” in the 
same c lu ste r . As a by-product o f the interlock, a new arch itectural 
form was created. The setback varied  in any one housing c luster and 
was defined by the mix o f unit s izes and the order in which they were 
placed. An organic bu ild ing form had been created which in the right 
hands could become a dramatic means o f arch itectural expression.
There was some question at the time whether the interlock  concept 
would create a lega l constraint due to the unconventional property line  
and structu ra l relationsh ip  between units. Advice was obtained from 
appropriate sources to the e ffe c t  that this would have l i t t l e  or no 
e ffect on the m arketability o f the housing un its. Current experience 
indicates that the advice was not accurate and that the bu ild ing  system 
cannot be used to bu ild  individual ownership housing in many ju risd ic tio ns .
The system made the most of factory production e f f ic ie n c ie s  within  
the ex is tin g  state o f  the a rt . The number o f  modules were kept to a 
minimum. Bathrooms and mechanical equipment were clustered around a s in ­
gle plumbing tree . Dimension lim itations imposed by over-the-road trans­
portation requirements were met without d istro tin g  the basic design.
In blunt language, the in i t ia l  design e f fo r t  was bootlegged s ta rt ­
ing in late February o f 1969. It  is  perhaps fortunate that management 
was not fu lly  aware o f  the developments then because there was an in te r ­
nal question at the time of which corporate div isions should engage in 
modular housing development, production and marketing. Formal 
consideration o f the project by management might have resu lted in firm  
instructions to those involved to cease a l l  further work u n til d iv ision  
resp o n s ib ilit ie s  fo r  modular housing were c la r i f ie d .
Suddenly the pace of a c tiv ity  changed. An opportunity arose to 
lease a major production fa c i l i t y  near Baltimore. I t  could be ju s t i f ie d  
i f  a housing program could be put into e f fe c t .  The commitment was 
quickly made and management immediately started to prepare the plant for  
production. In the weeks to come, orders were obtained for classrooms 
and relocatab le  o f f ic e s  to be produced at that plant, but sustained  
operations would requ ire  a housing production line . The townhouse pro­
ject which had been an u n o ffic ia l conceptual study in March bacame a 
formal product line design ac tiv ity  in the follow ing month. A rendering  
was h a stily  commissioned, a brochure printed touting the v irtues of the 
Park V i l la  townhouse, and personnel dispatched to Baltimore to bu ild  a 
prototype, the absence of design drawings notwithstanding. D eta il de­
sign proceeded at a furious pace in Baltimore during May and the f i r s t  
prototype modules were laid out on the factory floo r in June. Design 
and prototype construction were carried  out concurrently, a procedure 
which is  sure to cause heart fa ilu re  among the weak.
Some major innovations in structu ral design were incorporated in 
spite o f the abbreviated design process. This was possible  because the 
Heston project and other experiences had triggered  a great deal o f imagi­
native thinking among the Boise Cascade design s t a ff .  For example, 
f lo o r -c e i lin g  redundancy had been an issue a t  Reston and the use of a 
topless f i r s t  f lo o r  box had been proposed. I t  was rejected at the time 
because a floo r system capable o f accommodating heat ducts would require  
the use o f f lo o r  trusses at least 16" deep. The question was reopened 
and a truss fa b r ic a to r  was asked to exp lo it  ava ilab le  technology for the 
purpose o f producing a new type o f wood tru ss , twelve inches deep, 
with an open panel a t  the center fo r a heat duct. This was success­
fu l ly  accomplished and has proven to be h igh ly  e ffe c t iv e .
As often happens, the d e ta il design and prototype construction  
phases took much longer than was o p tim istica lly  predicted at the out­
set. I t  was not u n t i l  November that the twelve modules were hoisted  
in p lace and opened fo r  inspection. In fa c t , the construction o f proto­
types was fin ished months before the f in a l design drawings were com- 
ple ted.
I t  has been n early  a year since prototype erection and the usual 
teething troubles have been experienced. Several times a p ro ject has 
been painstakingly planned and a production scheduled determined, only 
to have the developer back out at the la s t  minute because o f financing  
or other problems. We have found that many developers are enthusiastic  
about the Park V i l l a  but would lik e  others to bear the risk  associated  
with it s  introduction to the market place. Fortunately, the Park V i l l a
has been selected for erection on three sites by directors of an experi­
mental housing program in Connecticut and these units are currently  
being erected. Production o f Park V i l la  units for a project in Maryland 
is  now underway. Several other projects are in their fin a l planning 
stages. So far the bu ild ing system has lived up to its  promise and i t  
is lik e ly  to generate much favorable public ity  as i t  is  put into actual 
use.
The introduction of the Park V i l la  to the marketplace has proven 
expensive and time consuming. In other industries, corporations expect 
to spend ten do llars in market development and product refinement for 
every do lla r spent in basic systems development. This has proven to be 
true in this case as w e ll and should serve as a sobering thought to 
those who expect to enter the modular housing business on a shoestring.
Next year we w i l l  know i f  the Park V illa  system is  a success in 
its  own right or merely a step in the direction of creating a viable  
modular housing product. Whether i t  creates p ro fitab le  sales or not,
we have learned much from the experience. We are now more sophisticated 
with respect to architecture and design. We are aware of the special 
problems associated with the introduction o f a major housing innovation. 
Even more important in the long run is the conscious decision made by 
the corporation to create a housing development capability  which w i l l  
strengthen the creative process and move rap id ly  toward the large scale 
production and marketing of a modular housing product lin e .
The h istorian  w ill say that Boise Cascade began a search for ad­
vanced housing concepts in response to Operation Breakthrough and began 
to apply i t s e l f  to modular housing in a major way during 1970. While 
I  would not dispute that statement, I  know - -  and now you know - -  that 
Boise Cascade's performance in the 1970's w i l l  have been influenced by 
the disappointments of an already forgotten Reston study and by the in­
dividual in it ia t iv e  and commitment which gave birth  to the Park V illa  
townhouse.
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LOW COST HOUSING AND THE PROBLEM OF LOCAL BUILDING CODES 
IN THE UNITED STATES
By
Margaret E
Any Inquiry Into the problems of low-coat housing In the 
United States must necessarily Include a discussion of the 
techniques of mass-produced housing. To meet today's demand of
600,000 housing units per year for low and moderate-income 
families, the building Industry, the government, and the public 
must develop not only the technology to create a safe and soumA 
lndustrlally-bullt housing unit, but also develop those systems 
of management, marketing, capital Investment, planning, design, 
and long-term financing needed to provide these houses.
One of the many barriers facing the manufacturer of mass- 
produced housing today Is local building codes, a series of 
standards and specifications designed to establish minimum 
safeguards In the construction of buildings, and to protect those 
persons who live and work in them from fire and other hazards. 
Formulated and enforced under the police powers of state govern­
ments, these controls ordinarily have been delegated to and 
exercised by local governments.
Although local building codes are meant to provide minimum 
health and safety standards In construction, certain aspects of 
their application can deter the use of modernized building 
techniques and materials. First, the codes are non-uniform 
among localities. Including those within the same geographic and 
climatic areas. Second, these codes do not take into account 
new develooments In construction techniques and building materials 
Third, they are enforced by personnel who do not have the training 
necessary to keep up-to-date with technological Innovations In 
the field.
Uniformlty. In today‘3 fragmented housing Industry, a 
builder commonly constructs houses only within the boundaries of 
one or a few governmental jurisdictions. He Is therefore familiar 
with the restrictions Imposed by these few localities, and con­
structs nls units to meet these specifications. The producer 
of Industrialized housing, however, must serve a much larger 
area, one covering a metropolitan area or a state. In order to 
Justify the use of mass-production techniques. This means he 
must meet the various specifications posed by each Jurisdiction 
within the area In which he builds.
Of those communities with building codes, over 85 percent^- 
have based their codes on one of the four national or regional 
model codes,2 or on a state-recommended model. These models 
are current and provide for the acceptance by the locality of 
technological Innovations not already covered In the body of the 
code. As local governments modify these codes, however, their 
provisions become more diverse. For example, In the six-county 
Detroit metropolitan area alone, a 1965 survey showed that 57 
of the 82 municipalities had adopted the same model code. Yet 
a sample of 42 of the model code governments revealed that 24 
had made changes In the technological provisions of this model.3
. Goertz*
Modernization. Anotlwr cause of code diversity Is the 
failure of local officials to up-date their codes regularly to 
Include those new materials and technologies approved by the 
model code groups. Of those governments whose building code Is 
based upon a national or regional model, only 58 percent have 
an established procedure for an annual official consideration 
of those changes proposed by the model code organlzatlons. And 
only one-half of these governments have reported updating their 
codes within the last three years to Include at least 90
percent of the recommended changes. The other one-half adopted
4.an average of less than 50 percent of the changes.
The more controversial construction techniques and materials 
such as plastic pipe and preassembled plumbing and electrical 
systems are the practices most commonly prohibited by local 
officials. These, of course, are among the main features of 
pre-fabricated housing onstruction techniques.
Admlnlstration. The existence of a modern model building 
code will not Insure the acceptance of mass-produced housing in 
a locality. The model codes contain provisions whereby any 
material or method of construction not specifically provided 
for In the code can be used if, upon presentation of plans, 
methods of analysis, test data, and so forth, the local building 
official Is satisfied that the proposed material or method of 
construction complies with specific provisions or the Intent 
of the code. To Judge new techniques and materials therefore 
requires a building Inspector who 13 familiar with all building 
materials, techniques,and terminology; and who has a complete 
understanding of the code's standards. With the rapid growth 
of specialization in engineering and architecture, the average 
professional Is unable to keep up with all the changes. In 
addition. In governments with a population of 5,000 or more, 
less than three-quarters of code administration officials are 
full-time employees.5
State Action. The distribution of mass-produced housing 
therefore depends In large part on the existence of a well- 
administered modern building code, based on performance standards, 
and without unreasonable restrictions on new building materials. 
Several steps can be taken to achieve this situation. A higher 
level of government could develop such a code and impose Its 
standards and requirements on the localities for either certain 
classes of buildings, or for all buildings; or the state or 
federal government could give the locAlties Incentives to 
modernize their codes and lift restrictions which prohibit or 
deter the provision of mass-produced housing. In either case, 
provisions should be made to train and license building 
Inspectors to enable them to administer the code efficiently; and 
a clearinghouse should be established where building Inspectors, 
members of the building Industry, and other Interested parties 
could trade Information on the acceptability of new building
*Hinman College Instructor, State University of New York at 
Binghamton
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techniques
So far, the states have aotsd primarily by imposing mandatory 
statewide building codes on their leoalities. At leaftt U3 
states hare sons sort of building regulation, whether it be a 
mandatory building eode, or a mechanical code covering pluabing, 
electrical systews, elevators, and so forth. To date, seven 
states^ have enacted a mandatory statewide ainiwus building code, 
but only Connecticut applies it to all buildings in the state.
Five other states ezewpt one and two family dwellings, and the 
seventh exempts public buildings and places of employment. Only 
North Carolina's code supercedes local codes that are equal 
or stricter in their requirements. The state building oode 
council must approve the adoption of mere stringent provisions by 
any locality. These mandatory building codes do not necessarily 
incorporate their states' provisions governing mechanical equip­
ment and other specialized areas of regulation.
Maryland, Nevada, Minnesota, New Hampshire, and Idaho have 
mandatory building codes which apply only to buildings constructed 
with state funds. In Minnesota, this code is available to local 
governments as a model code, for adoption by reference, to 
cover all other buildings.
Four ether states— New fork, New Jersey, North Carolina, 
and Wisconsin— have developed optional statewide model codes to 
encourage the localities to adopt a model cede by resolution, 
rather than attempting to write o m  of their own. In the latter 
three states, the optional codes cover those buildings not covered 
by the states' mandatory codes. In New York, although the code 
is optional for adoption, once the locality has enaeted it 
further restriction requires approval of the state building code 
council.
Only two state codes— New York's optional model code and 
North Carolina's mandatory building code— can prevent localities 
from Imposing building restrictions on mass-produced housing by 
setting the maximum spoMflolitftomsfor the localities. Yet one 
is an optional code, and the other does not cover one-and two- 
family dwellings. As a result, five states have created other 
mechanisms to supercede local code regulation. In New York, 
the state-created Urban Development Corporation can override 
local zoning and building codes when they prove to be a barrier 
to the development of Industry or housing in blighted areas.
In Califtrnia, Washington, Virginia and Ohio, the state legislatures 
have enacted "factory-built housing codes." For example, 
California's State Department of Housing and Community Development 
can approve plans, provide for the inspection of construction at 
the factory level, and issue a state seal of approval that the 
construction meets state building code requirements. This approval 
then replaces local building oode requirements. Inspection 
of on-site installation, zoning and site development standards, 
however, remain.' the sole responslblity of the local government 
bodies.
Federal Action. The federal government has used "friendly 
persuasion" and the "oarrot and ths stick" method to get localities 
to adopt modern building codes and to lift restrictive practices. 
They have achieved this goal primarily through two programs 1 
urban renewal and Operation Breakthrough.
The "workable program” requirements used in urban renewal 
applications have been one of the most powerful incentives for 
code modernization. To be eligible for federal funds for urban 
renewal, a locality must enact local cedes based on one of the 
national model codes, and keep them up-dated accordingly.
The program which affects the problem of mass-produced housing 
most directly is the Department of Housing and Urban Development's 
Operation Breakthrough, an attempt to establish an improved 
system for the production, development, marketing and financing 
of housing to supplement present methods. Part of HUD's role is 
to help locate construction sites and form housing markets large 
and continuous enough to encourage volume housing. The department 
must therefore select prototype construction sites that are free 
of restrictive zoning, subdivision regulations and building codes—  
a rarity in most states or localities. To encourage the relaxation 
of restrictive codes, HUD relies on persuasion and the incentive 
of priority funding from all available HUD programs to those state 
and local governments undertaking such activities.
HUD also hasaalled on the National Bureau of Standards, 
the National Academies of Science and Engineering, and private 
laboratories to participate in rigorous testing, evaluation, 
and test validation programs for Breakthrough prototypes to 
determine their durability, quality of design and consumer 
acceptance. Successful completion of testing programs will provide 
the department with the basis for approving housing systems 
for use in all HUD programs. It is hoped that this "seal of 
approval" can be used in the same way by local building officials.
The "workable program" requirement for urban renewal has 
been successful in encouraging localities to adopt a building 
code or to update an antiquated one. Periodic renewal of the 
"workable program" Insures that communities will not impose 
restrictions against modern materials and techniques on these 
model codes. Operation Breakthrough, however, asks localities to 
exempt only tiese special housing units from the local building 
code. The jurisdiction need not apply the same relaxation of 
requirements to any other buildings. In addition, the Breakthrough 
program has little money, none of which goes directly to the 
localities. Once the community has allowed one Breakthrough 
project to be built, it can collect on its priority funding for 
a sewer or water system, and resume restricting any other mass- 
produced housing.
The Future. What further actions should be taken by the 
state and federal governments to Insure the modernization and 
uniform administration of building codes? First, there is no 
immediate need for one national model code. The four model 
oodes now in existence do differ, but if all localities were to 
adopt any of them, and administer then properly, a builder would 
not have great difficulty in working with all four. In addition, 
the adoption of these oodes tends to be regional. Many 
western localities use the Unlfmmm BuULlng Code; southern 
localities the awMth-nw g+.-wSard Building Code; and so forth, 
so that a builder of mass-produced housing would normally deal 
wlthonly one or two.codes.
58
Second, states should continue to take hack their authority- 
over the development of building code standards and regulations 
for the Jurisdictions within their boundaries. The states must 
take two steps. They should establish new and broaden existing 
mandatory codes to cover all buildings In the state, as 1 
being done In Connecticut, And they should require that a locality 
cannot further restrict the state code without approval of the 
state building code agency. As long as the st4s code Is based 
on a national model code, the localities will operate under a 
building code which permits the use of new building materials 
and techniques. Administration of these codes, however, should 
be maintained on the local level.
As these model codes are based on performance standards, 
the states will have to take further steps. They will first need 
to establish criteria for the licensing of local building 
Inspectors and, if necessary, direct a training program for them.
The state also should set up a technical clearinghouse for the 
approval of new building materials and techniques not covered 
In their model code, as well as a review board so that the public 
can appeal unjust administration of the code on the local level.
It is not necessary for the state government to establish testing 
laboratoriesi through a clearinghouse they can coordinate infor­
mation coming from private and government laboratories, and from 
the model code organization. Finally, the state should supervise 
the production of factory-built housing units within its boundaries.
Third, the federal government should direct Its Incentives 
and persuasive techniques toward the establishment of statewide 
n»ndatory building codes. The federal government, however, must 
first "clean house" and unify and coordinate the construction 
requirements of all its departments, along the lines of a model 
code. Then those departments Issuing grants to state governments 
for construction should start making those grants contingent 
upon the establishment of a mandatory statewide building code 
and the requisite machinery as discussed above. Section 701 
of the 195^ Housing Act should be used to provide federal aid to 
states for the necessary studies of these changes.
Finally, the federal government should expand on Its 
experience with the test program devised for Operation 
Breakthrough and create a non-governmental Institute to develop 
standards affsetlng all building matarlals, to evaluate new 
building products and techniques, and to promote and coordinate 
research In building technology and the dissemination of technical 
data relating to building research. Information from such 
an institute would enable the states, through their clearing­
houses, to keep; their loeel government* and builders Informed 
of technologioal changes, and to Judge what changes should be 
made In their code. Legislation has been Introduced in 
Congress proposing the establishment of such an Institute.
Modernisation of both the substance and administration of 
building codes is only one step in the struggle to abolish those 
local restrictions prohibiting the distribution of mass-produced 
housing. Yet If building codes can be liberalized, perhaps 
tha struggla to relax other development codes will be less arduous,
Endnotes
^Data from sample survey conducted In 1968 by the Governments 
Division of the Bureau of the Census and reported in Allen D. 
Manvel, Local Land and Building Regulation. Research Report #6, 
prepared tor the consideration of “he National Commission on 
Urbsm Problems (Washington, D.Ci Government Printing Office,
1968), pp. 33-3^.
^ h e  four national and regional model codes are International 
Conference of Building Officials* Uniform Building Code, the 
Building Officials Conference of America's Basic Building Code, 
the American Insurance Association's National Building CodeT 
and the Southern Building Code Congress' Southern atmndtod 
Building Code.
^From a report by the Metropolitan Pund, Inc., One Woodward 
Avenue, Detroit, Michigan.
^Manvel, Local Land and Building Regulation, pp. 12-13.
5lbld.. p. 9.
^The seven states are Connecticut, California, North Carolina, 
New Jersey, Indiana, Ohio and Wisconsin.
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PSYCHOLOGICAL AND SOCIOLOGICAL CONSIDERATIONS 
IN THE DESIGN OF LOW COST HOUSING UNITS
toy Jams J. Abernathy, Lecturer *
Recently opinion surveys were distributed toy a U.S. Congressman In an 
attempt to accurately appraise national priorities. The constituents were 
asked to indicate priorities for the following areas; crime control, education,
the middle class. Environments affect both those who have such and the 
unfortunate. Basic human needs of stability, shelter, orientation, and security 
are required by all humans, regardless of their economic situations. To offer
national defense, pollution control, space and urban problems. The results of 
the survey conducted by Congressman Jack H. McDonald of Michigan were;
less to the unfortunate seems highly questionable. I think that this viewpoint, 
though fraught with many serious problems has sufficient compelling advantages
WOMEN 18-21
crime control 
pollution control 
education 
urban problems 
national defense 
space
crime control
education
pollution control
urban problems
defense
space
pollution control
crime control
education
defense
urban problems
space
If this survey is an accurate reflection of current thought, it is
evident that urban problems including crime, pollution and education have 
become the concern of the majority of our population.
Two of the most pressing urban problems are crime and education. Many 
experts have concluded that a definite relationship exists between them and a 
third problem; housing. It is felt that meaningful improvement in any one of 
these areas depends in some degree upon improvement in all. As designers of 
the physical environment we have only an indirect influence upon education 
and crime. This influence may be more meaningful than we currently realise. 
However, we are directly involved in the shaping of housing and communities.
Our physical structures provide the needed backbone for community development 
or redevelopment. It is essential that strong, healthy backbones are created.
Adequate housing is a basic human need required by all. Education is not 
limited to the formalized school program. An immeasurable amount of learning 
occurs in or near one's hone. To a considerable degree we shape our environ­
ment and then our environment influences us. Our housing units and our 
communities are most important elements of our environment. Today, due to 
various social, political, and economic reasons, adequate housing is not 
available to all who need it. An increasing portion of our population does 
not have sufficient resources to privately obtain an adequate dwelling unit.
The fulfillment of this basic need of adequate housing deserves high priority.
The emphasis of this paper will be upon an examination of an alternative 
which appears to hold some promise toward a partial solution to the problem.
The comments expressed herein reflect the bias of a designer of the physical 
environment and the viewpoints of other disciplines which have studied urban 
problems.
Presently, a shortage of adequate housing exists for a significant 
portion of American families. Reporting on numerous opinion studies, Nathan 
Glazer concluded that "whenever given the opportunity, most American families 
express their desire to own their own homes." Ibis conclusion has been valid 
for a number of decades, and accurately expresses the opinion of both home 
owners and renters. Today many families consider home ownership a far-off 
dream or an unlikely possibility. They have been forced to accept a dwelling 
unit which stretches the definition of the term "adequate", or they have been 
forced to live in a housing development which stretches the definition of the 
term "community".
An appropriate objective from many viewpoints, is to provide the oppor­
tunity to gain an equity in types of housing which axe currently in demand by
over other approaches that it should be seriously considered.
Today in most American cities, housing for the poor is very obvious.
The design, location, and the use of building materials clearly point out the 
housing for the unfortunate. The housing is usually of very sterile, instit­
utional design, easy to spot. The unfortunate are usually corralled together 
into definite boundaries making them even easier to identify. Little ownership 
potential is offered. A high degree of transients are present. A high degree 
of crime exists. Educators often spend more time being policemen than teachers.
The current approach to housing for the poor is successful from the 
viewpoint of "shelter" and from few others. Future housing efforts, even with 
modern technological advances, should not perpetrate this poor approach.
In his book, Streetcar Suburbs. Saul B. Warner comments on similar 
housing problems for the poor in 19th C. Boston;
"Though Paine's houses and narrow streets may have been suitable in 
Philadelphia, where there was a long and continuous tradition of row housing, 
in Boston these buildings had a strong philanthropic air. They were brick 
and fireproof and had a full set of plumbing facilities, but for all their 
safety and sanitation they remained mean, crampled row houses built a full 
decade after the main body of the middle class had ceased building row houses 
for itself. Like the wooden barracks and tenements of the neighborhood, 
these houses were suited to the momentary needs and capabilities of their 
inhabitants —  all too suited to them, and not at all suited to their aspir­
ations. . . Because Paine had built minimal structures, and built without 
regard to some of the important middle class aspirations of the day, his houses 
suffered the fate of all the other homes in the area. For the last forty years 
they have served as slum dwellings, and despite Paine's careful construction, 
they axe falling to the ground."
Paine's second undertaking was a "cheap project". . . but the streets 
do follow the contours of the land and are designed to make a traffic cul-de- 
sac. Such site planning was just then coming into vogue for expensive sub- 
divisions in Brookline and other parts of greater Boston. . . .
"the houses themselves came in several styles of detached frame single 
and two-family structures. A variety of contemporary ornament was also offered. 
The houses were more than twice as big as the little row houses of the 1880's 
and sold for twice as much. . . .  The whole suburban "cottagey" effect of 
this hundred-house subdivision was underlined with street names of "Round Hill" 
and "Sunnyside". . . .
"Paine's houses axe still kept up because for sixty years they have been 
the best choice of the neighborhood. They have been the best choice because 
they were more in keeping with the housing aspirations of Bostonians than any 
of the other cheap alternatives of the 1890's."
"The success of Paine's experiment suggests that slum housing is one 
of the prices that a society pays for allowing any major amount of its building 
to proceed at a level below its common understanding among the middle class as 
to what constitutes a satisfactory hone environment."
Hhat type of housing is currently in demand by the middle class? What 
features of new communities are considered to be very desirable by contemporary 
standards? An actual community will be used in an attempt to illustrate answers 
to these vital questions.
In the late 1920's the first subdivisions for the proposed new town of 
Rad bum, New Jersey were constructed. Most of the homes were either frame or 
asbestos siding, and had anything but award-winning design. The housing was 
designed for moderate income workers from nearby Paterson. The Depression 
halted the project with only 600 dwelling units constructed, and it was never 
completed.
♦C iv il Engineering Department, University of Detroit
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However, due to its far-sighted site planning with provision for a park 
system and separate pedestrian and vehicular traffic flows, an extremely strong
community spirit was established which remains to this day. Many of the dwell­
ing units, try some standards, should be in a state of disrepair. However, the 
opposite is true. Dwelling unit ownership is extremely high. Most families 
have lived there for such longer than the 5—year national average. He sub­
division has now become the home of middle income New York City commuters.
Why? A few personal observations;
Rad bum contains a mixture of housing types. Mid-rise apartments are 
present near the shopping center. Two-story duplex houses axe founi throughout 
the project. The predominant housing type is the two-story single family 
detached house. Houses with two, three and four bedrooms are randomly present 
throughout the community. As a result of this mixture, a very stable, close- 
knit community became possible. Families frequently move from one unit to 
another within the project. Most sales of homes are to existing, or second 
generation, Rad burn! tes. It is possible for a family to go through a complete 
life cycle without being forced to leave the community because no housing type 
is available for their current requirements. The basic human need of "stability" 
has been satisfied.
Positive separation of vehicles and pedestrians has been provided within 
the project. Walking is encouraged, and is often the shortest path to the 
major destination points of education, recreation and conmerce. The automobile, 
while present, is not dominant. The subdivision is located adjacent to a 
commuter line thereby further reducing the necessity for the auto. As a result, 
Radburn is an extremely safe place to live. Automobile accidents are almost 
non-existent. One aspect of the basic human need of "security" has been 
satisfied.
Open space is very evident at Radburn. The open space has been designed 
to bo either very private or completely public. The no-mans land of front aid 
side yards have been reduced to a minimum. The resulting space has been 
collected and placed into a much used park system.
As a result of the organization of open space, a strong feeling of 
"community" has developed. Man is a social being. That part of his nature j
was not frustrated. Sufficient visual and acoustic enclosure is present 
indoors and outdoors to fulfill the inherent desire of man for privacy.
One of the residents said “extroverts love the place, but we have many intro­
verts who have been here for a long time."
The organization of the open space is such that very positive orientation 
exists. Maps or street signs are not required to successfully negotiate the 
community. Such positive orientation is a little realized need of man which 
contributes in some measure to a secure feeling.
Design for choice, security, stability and positive orientation, com­
bined with a close relationship to "nature", are the features currently con­
sidered desirable in newly planned communities. These features are not fads or 
in-vogue trends. They represent attempts at fulfillment of basic human needs 
which axe present regardless of income or circumstance.
The complex problem of housing for low income families has very complex 
solutions. The emphasis in this paper will be upon the establishment of 
design/developoent policies for housing based upon the recognition and fulfill­
ment of basic human needs. It is felt that these policies must be prerequisites 
to the large scale use of new technological advances in design and construction. 
Guidelines should be established which reinforce, rather than frustrate or ignore 
those constants which are considered by social scientists as permanent and in­
trinsic needs of the human being.
Abraham Maslow, in his book. Motivation and Pwran^ ai . has organized
human needs into a most useful hierarchy;
HIERARCHY OF NEEDS
1. PHYSIOLOGICALi
2. SAFETYi
(eliminate danger)
3. BELONGINGNESS A LOVEi 
(giving and receiving)
il. ESTEEM i
5. SEIF ACTUALIZATION! 
(what a man can be, 
he must be!)
air, food, liquid, rest, shelter, activity, 
elimination of waste, freedom from noxious 
stimuli, sex
lack of support, loud noises, flashing light, 
unusual sensory perception, rough handling, 
illness, no routine or rhythm, disorganized 
environment, unrestricted permissiveness, 
getting lost, uncontrollable, unfamiliar objects
love, affection, need for friends, role play­
ing or place in a group, attainment of position
self respect, respect of others, strength, 
achievement, adequacy, mastery, competence, 
confidence, Independence, freedom, repu­
tation, attention, importance, apprecia­
tion, being useful and necessary
athletics, ideal mother, creativity, 
developing potential, self-fulfillment
Maslow's studies have shown interesting relationships between the higher
and lower needsi
a. Living at the higher level means greater biological efficiency, 
greater longevity, less disease, better sleep, appetite, etc.
b. Higher need gratifications produce more desirable subjective results, 
i.e. more profound happiness, serenity, and richness of inner life.
c. Pursuit and gratification of higher needs represent a health ward trend.
d. The higher need has more preconditions.
e. Higher needs require better outside conditions to make them possible.
f. The pursuit and the gratification of the higher needs have desirable 
civic/soeial consequences (loyalty, friendliness, civic consciousness)
g. Satisfaction of higher needs is closer to self-actualization than 
is lower-need satisfaction.
h. The pursuit and gratification of the higher needs leads to greater, 
stronger, and truer individualism.
An apparent conclusion is that one cannot presume that a man or a family 
can develop esteem or self-actualization when the basic peyslological and 
safety needs have not been satisfactorily fulfilled.
John Simonds, in his book, Landscape Architecture, contends that it is 
indeed possible to induce a predetermined emotional or psychological response 
through the use of design techniques. For example, the response of "fright" 
can be induced through the following design qualities!
FRIGHT
"Sensed confinement. A quality of compression and bearing. An apparent 
trap. No points of orientation. No aeans by which to judge position or scale. 
Hidden areas and spaces. Possibilities for surprise. Sloping, twisted or 
broken planes. Illogical, unstable forma. Slippery hazardous base plane. 
Danger. Unprotected voids. Sharp, intruding elements. Contorted spaces. The 
unfamiliar. The shocking. The startling. The wlexd. The uncanny. Symbols 
connoting horror, pain, torture, or applied force. The dim, the dark, the 
eerie. Pale and quavering or, conversely, blinding garish light. Cold blues, 
cold greens. Abnormal monochromatic color."
If it is possible to design an environment which produces a high level 
of anxiety, it should also be possible to create the opposite.
DESIGN CRITERIA
It is my feeling that design/devalopment guidelines should be established 
to provide at least the following features to fulfill basic human needs! 
POSITIVE ORIENTATION!
The community should be so designed that it is readily coaprmhandahle 
and understood Iqr its occupants. A high degree of understanding will 
yield a higher degree of use. A strong feeling of security can be 
expected to develop.
comhumityi
The community should he so designed to encourage the frequent Meeting 
of the residents. Commonly used facilities should be provided in such 
a way that they are frequently used. Increased stability can be 
expected, with a higher degree of interest in local affairs.
PRIVACY!
Individual and family privacy east be provided. The desires for 
contemplation and "peace and quiet" should not be frustrated. The 
housing units should be designed and located to provide positive 
visual and acoustic privacy within, and between, units.
SECURITY i
The community should be a safe place in which to live and raise a 
family. The automobile should not be a threat. Pedestrian circul­
ation should receive considerable attention. Pedestrian/vehicular 
confrontations should be minimised. Efforts should be expended to 
reduce feelings of "fright". Anxiety should be designed out of the 
community as much as possible.
EXTREME TEMPERATURE CONTROL i
Shade, materials, solar orientation, natural topography, and wind 
direction should be utilized to moderate the yearly temperature 
extremes so that facility use is optimized.
NOISE CONTROLi
Sounds can be utilized for poeitive orientation and interest.
However, noise levels should be controlled through effective use of 
sound retardant materials inside and outside of the dwelling units. i 
Positive noise control is essential to privacy.
PRESERVATION OF THE FAMILIAR!
Existing evidences of the past (buildings, trees, roads, etc.) 
should be seriously considered for retention in an effort to preserve 
tangible evidences of a by-gone culture «-nd to allow Meaningful 
identification with the past.
CONTACT WITH NATURE!
Nature should be close at hand, especially for families with young 
children. A variety of natural features should be immediately 
present to provide meaningful educational experiences. Certain 
natural features should be preserved arxi made highlights of open space.
SOCIAL CRITERIA
Social guidelines should be established to compliment the design/ 
development guidelines previously listed.
COMMUNITY INTEGRITY!
The "bulldozer" approach should be used only as s last resort.
When total clearing occurs, the community affected receives a 
telling, possibly fatal, blow. Rehabilitation and conservation, 
coupled with strict code enforcement, should predominate whenever 
possible. The blighted community does have s meaningful Inner 
fabric of organization. This fabric should fas strengthened to 
stabilize the community rather than destroy it.
HOUSING TYPE MIXTURE!
The old "project" type approach should not be repeated. While 
shelter had been achieved for the poor, many other problems ware 
unintentionally crested. A better solution seems to be to design a 
mixture of housing types of slightly varying quality and size 
within s community. Ownership should be encouraged even by means 
of subsidy, if necessary. The more economically successful families 
should not be excluded by policy. If they are, the positive models 
of "success" will be eliminated from the community and other, less 
satisfactory methods such as bussing children to far-off schools in 
order to fill this void may result. The housing mixture will also 
increase the stability of the community by providing a variety of 
housing types so that a family can go through various facets of its 
"life cycle" within a given community if they so choose,
HOUSING ASPIRATIONS!
The legitimate aspirations of housing types should be provided.
Housing for the poor should be difficult, if not impossible, to spot. 
Subsidies should, be used to allow the Incorporation of the desirable 
design/development features previously listed. The poor should be an 
integral part of society rather than a group of outcasts collected 
together and clearly marked.
The urban renewal process has often done more harm to the cause of low- 
income housing than good. However, the process is not intrinsically evil.
It may be the only effective process currently available to remove blight.
Urban renewal must become more concerned with community stability. It is not 
sufficient Just to provide housing units. What is far more important is the 
provision of a healthy community with no clearly marked outcasts.
The approach presented in this paper is an effort based upon the un­
changing basic human nature of all individuals. It is felt that design/ 
developmsnt based on the fulfillment of these basic needs and desires is a 
superior approach to any previously attempted. Many "bugs" remain in it.
For example, how do you reduce the potential for crime in a community through 
design? Also, the controversial suggestion of subsidies is frequently assumed. 
The underlying concern of the approach is to significantly improve the quality 
of life for all, including the unfortunate. Too often in the past the poor 
have been unintentionally made more unfortunate by housing design and policies. 
Today with the increasing concern for urban problems ws have a better grasp of 
the needs of people. Hopefully, a marked improvement in the quality of life 
will result.
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THE CAUSES OF DELAY IN THE CONSTRUCTION INDUSTRY
By
Harold Rothbart, P.E.*
The construction industry serves many valuable functions 
in our society. One of the most important is providing all 
of the physical structures required by the population of our 
highly diversified country. In a complex nation such as the 
United States, construction requirements vary considerably.
Some of the basic needs in which construction plays a signifi­
cant role are housing, industry, education, recreation, govern­
ment, commerce, utilities, transportation, and defense.
In fact the construction industry is involved in every 
activity carried on by the country's population. To further 
indicate the significance of the construction industry, it has 
been estimated that over 100 billion dollars will be spent in 
construction during the year of 1970. This figure represents 
approximately ten percent of the gross national product of the 
United States.
The three most important phases of the construction 
process are project conception, project design, and project 
construction. Project conception is the recognition of a 
need which can be satisfied by a physical structure. The 
project design process translates the primary concent into a 
spatial form which will satisfy the owner's requirements in 
an optimum, economic manner. The construction operations are 
the final stage of the three part process and create a physical 
form which permits the designed function to be carried out.
Although the expected 1970 construction volume of approxi­
mately 100 billion dollars is high, the backlog of construction 
is still higher. The backlog of construction plans totaled 
182 billion dollars at the end of 1969.^ This backlog figure 
represents a sum which is about double the anticipated 1970 
construction volume. To explain further, the construction 
industry is satisfying only one third of the nation's needs for 
new construction.
The problem of delays in all phases of construction is a 
stumbling block in the path of the industry. Part of the lag 
in construction progress is due to delays in the construction 
industry itself. Delays and their causes are often talked 
about, yet it seems that little has been done to alleviate this 
problem. It was hoped that a nationwide survey into the causes 
of delays to the construction phase might shed some light on 
the subject. Such a survey of general contractors was initiated 
and completed by the author during the summer of 1969. It was 
also expected that analysis of delay factors in the construction 
industry would alleviate their far reaching effects such as 
the current failure to meet the stated national goal of con­
structing 2.6 million units of housing each year for the next 
decade.
Delay factors found to be most important as a result of 
this survey and suggested ways to reduce delays are discussed 
in this paper.
A year long study conducted at the University of Michigan 
provided valuable information regarding the causes of delay in 
the construction industry. The analysis was carried out by the 
author on the basis of data obtained from responses to question­
naires sent to 400 contractors throughout the United States and 
Puerto Rico. (64% of the contractors who were sent question­
naires responded to the survey. This included contractors from 
all of the states and the Territory of Puerto Rico.) The con­
tractors responding to the questionnaires were involved in 
various types of construction including buildings, highways, 
utilities, airports, dams, space industry and bridge construction.
The study investigated the relative effects of delays in 
construction projects as caused by seventeen factors. These 
factors were:
WEATHER 
LABOR SUPPLY 
MATERIAL SHORTAGES 
EQUIPMENT FAILURE 
FINANCES
MANUFACTURED ITEMS 
CONSTRUCTION MISTAKES 
DESIGN CHANGES
PERMITS 
SHOP DRAWINGS 
SAMPLE APPROVALS 
BUILDING CODES 
SUB-CONTRACTORS 
CONTRACT NEGOTIATION 
JURISDICTIONAL DISPUTES 
INSPECTIONS
FOUNDATION CONDITIONS
The questionnaire sent to each contractor provided two 
possible responses, "very important" and "important", for the 
contractor to show that a particular factor was an important 
contribution towards delaying construction projects. The 
summation of responses for the indicated Choices of "very 
important" and "important" can be considered an index to measure 
the severity of delay for each factor, showing the extent to 
which a factor delays construction progress. Table 1 shows the 
severity of delay index for each factor, based on the results 
of the questionnaire survey. Factors are listed in rank order, 
from those causing the greatest amount of delay to those least 
influential in delaying construction projects.
All of the data was analyzed by means of the IBM System 
360/67 Computer located at the University of Michigan's computer 
center in Ann Arbor.
The results indicated that eight different factors were 
considered to be of significant importance in causing construc­
tion delays by more than fifty per cent of the contractors 
responding. These factors are weather (90%); labor supply (80%) ; 
sub-contractors (77%); design changes (70%); shop drawings (59%);
•Assistant City Administrator for City of Ann Arbor, Ann Arbor, Mich.
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foundation conditions (57%); material shortage (54%); and 
manufactured items (51%).
Two other factors approached majority agreement in terms 
of being significant delay factors. These were sample approvals 
(56%) and jurisdictional disputes (44%).
The survey demonstrated that time is lost in construction 
projects as a result of on-site delays, off-site delays and 
environmental delays.
An on-site delay is one which retards the construction 
due to conditions at the particular job site. This might include 
such factors as lost time due to construction equipment
TABLE 1
Rank Order of Delay Factors 
Based on Questionnaire Responses
Rank Order Delay Factor Severity Delay Index
1 Weather 90%
2 Labor supply 80%
3 Sub-contractors 77%
4 Design changes 70%
5 Shop drawings 59%
6 Foundation conditions 57%
7 Material shortage 54%
8 Manufactured items 51%
9 Sample approvals 46%
10 Jurisdictional disputes 44%
11 Equipment failure 32%
12 Contracts 31%
13 Construction mistakes 27%
14 Inspections 23%
15 Finances 20%
16 Permits 19%
17 Building codes 10%
breakdown, construction mistakes, and unexpected site founda­
tion conditions. An off-site delay is one which is the result 
of actions that take place at geographic locations that are 
distant from the construction site. Some examples of off-site 
delays are late delivery of construction materials and factory 
manufactured items; changes in design by the owner, architect 
or engineer; late approvals of shop drawings and construction 
materials; and delays in obtaining contracts prior to construc­
tion such as those required for sub-contractors and material 
suppliers. Environmental delays are those factors which impede 
construction progress but are not subject to control by the 
owner, contractor, or designer. Weather conditions are one such 
environmental delay because of the wide variation of weather 
during construction operations.
Regrouping the significant delay factors as determined by 
the contractors1 responses into the above three categories,
we have the following:
OFF-SITE DELAYS
SUB-CONTRACTORS (77%)
DESIGN CHANGES (70%)
SHOP DRAWINGS (59%)
MATERIAL SHORTAGE (54%)
MANUFACTURED ITEMS (51%)
SAMPLE APPROVALS (46%)
ON-SITE DELAYS
FOUNDATION CONDITIONS (57%)
JURISDICTIONAL DISPUTES (44%)
ENVIRONMENTAL DELAYS
WEATHER (90%)
LABOR SUPPLY (80%)
The largest quantity of delays occur in the category of 
OFF-SITE DELAYS (60% of the top ten delay factors are due to 
off-site conditions).
The survey data has indicated that much improvement can 
be made by concentration upon and correction of off-site condi­
tions. The selection of sub-contractors, for example, is a 
decision made by construction management at the highest levels 
of a company and can be considered an off-site factor. The 
selection of sub-contractors should be made with careful con­
sideration by construction management. Such determinations 
as experience, available manpower, financial capability, and 
volume of current work should be made before deciding upon the 
sub-contractors for each phase of the project.
The selection of material suppliers and manufacturers 
should be made with careful forethought because of the high 
ranking of these factors as causes of delay in construction 
projects. (Material shortages appeared in 54% of the contrac­
tors' replies as an important delay factor. Manufactured items 
appeared in 51% of the replies.)
The other important off-site delay factors such as design 
changes, shop drawings, and sample approvals can be minimized by 
greater coordination efforts between the contractor and the 
owner or his agent. Rapid communication of proposed design 
changes will accelerate construction projects by lessening the 
effect of design changes on construction sequence and scheduling. 
Expediting of shop drawings and sample approvals by the owner 
as well as the contractor will guarantee availability of these 
items prior to the time when they are required at the job site.
The high index of foundation conditions as a delay factor 
(57% of the replies and 6th in ranking order) indicates that 
improvements are necessary in the methods used to obtain 
foundation information. More reliable information such as that 
obtained by increased subsurface exploration and analysis can 
aid the designer as well as the construction contractor. More 
reliable foundation design will lessen the effects of founda­
tion conditions as a delay factor.
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The factor of jurisdictional disputes can be improved by 
providing accurate, up-to-date information to construction 
management on the latest labor practices regarding work assign­
ments. This will help to decrease the number of disputes over 
work assignments. In addition, procedures should be implemented 
so that decisions on jurisdictional disputes can be enforced.
Further research is needed to lessen the effects of 
weather as an environmental delay factor. An increase in the 
supply of labor will lessen the effects of this significant 
delay factor. The seriousness of labor shortages indicated by 
80% of the contractors responding to the survey should be 
used to support programs for providing construction trade 
training in high schools, vocational schools, and community
colleges and for training of minority groups for construction 
2employment.
Analysis of the data received in the research survey has 
indicated that construction delays are due to off-site factors, 
on-site factors, and environmental factors. The data received 
in the study has demonstrated that construction delays can be 
minimized by improved planning and increased construction 
management controls and by a concerted effort to increase the 
labor supply.
NOTES
^For a discussion on backlog in the construction industry see 
Engineering News-Record (January 23, 1969), p. 64 to 70.
2The future manpower needs of the construction industry are 
discussed in U. S. News & World Report article, "How Building 
Costs Can Be Cut,* (January 20, 1969), p. 68.
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MOBILE HOME PARKS 
DESIGN, CONSTRUCTION AND COSTS
By
W. M. Baldwin*
1. INTRODUCTION - The current housing situation is one in 
which low income and lower middle income families are seriously 
penalized by our current marketing conditions. No subsidies 
are available to these families, yet high down payments and 
high interest rates are required on houses they purchase.
Factory built housing units can aid in providing better 
housing at lower costs, but the required on-site construction 
is expensive, the financing costs are high and real estate 
commissions are also. An example of the cost of a house is 
shown on Table 1. The only place costs can be minimized by 
improved technology is in the house and on-site construction. 
Financing costs and sales commissions are usually a function 
of demand and little can be done about these. Most mobile 
home sales organizations operate on about a 10 to 12 per cent 
gross profit. Included in this profit are sales costs, set­
up and utility connections and sales lot overhead.
This will compare to a conventional small home sale with 
about 6% real estate sales commission, 4 to 6 per cent discount 
on the mortgage, 1 to 2 per cent service charge by broker. 
Development profits must also be included. For this reason, 
mobile homes have a definite price advantage over on-site 
construction.
2. MOBILE HOME PARKS - Mobile home park construction is still 
an art, but a logical approach can be made to the design and 
construction. The scope of the project must be determined, 
budgets established, target dates set, then a design incor­
porating these can be developed.
Facilities: The scope of the project can be separated 
into three segments: required services, desirable facilities 
and luxury features, required services are utilities, power, 
water supply, sewage systems, garbage and trash collection 
and access necessary in any housing project. Desirable facil­
ities such as phones, street lights, adequate paved parking, 
and play areas should be provided in most mobile home park 
projects. Luxury features such as a recreation building and 
equipped play areas, central television antenna systems, 
swimming pools and other similar features can be included in 
parks where higher rents are anticipated.
Often designers of mobile home parks consider only con­
struction costs but operational and maintenance costs must be 
given very careful study. Such items as grass mowing can be 
a very expensive part of a park operation. If operational 
costs are not properly programmed during design and return on 
investment can be extremely poor.
3. FORECASTING - Mobile home parks are a fine example of the 
hazards involved in long-range forecasting. Twenty-five 
years ago there were a few so-called housetrailers. About
twenty years ago the first prototype mobile homes were built. 
The first really livable units were built only about ten years 
ago. The double-wide units were introduced about five years 
ago. Now modular units of many types have been built with 
several other construction schemes under study.
Parks built to handle trailers built 25 years ago will 
not accommodate mobile homes built today. A technique used 
a few years ago to minimize construction costs was to build 
two size spaces with about one-half for less than 50', the 
other for longer than 50' with a maximum length of about 
60'. Homes now built require lots about 50' x 90' where 
older lots were often 35' x 60' or 40' x 65'. Homes of 70' 
are fairly common now requiring a 100' lot depth.
Planning for manufactured housing at the present time 
can be done for a period of perhaps five years. This applies 
to both plant and home sites. Obviously the homes will under­
go some major changes in the immediate future which could make 
both manufacturing plants and home sites obsolete.
4. CONSTRUCTION - Site work: The biggest problem in site 
work is to restrain all concerned with a project to do a 
minimum amount of site work. First, all lots must be oriented 
in correct relation to the contour of the site. Adjust streets 
to fit lots. Since factory-built homes have pre-determined 
shapes, it is possible to minimize foundation costs by pro­
perly locating a house and at the same time provide for park­
ing, lot drainage, minimum depth sewer cutB and lengths.
The second most important consideration is to use the 
best possible materials for each of the services provided. Do 
not hesitate to use new materials and/or construction tech­
niques . These can often provide required services at re­
duced costs. Here the term best material means the one that 
will satisfactorily perform the required function at a min­
imum cost.
At the end of the functional life of most projects is 
15 to 40 years, so there is little justification for select­
ing costly materials having 100 year life or more.
5. STORM SEWERS AND SITE DRAINAGE - The entire site must be 
graded to properly drain. Some slow draining areas are 
acceptable, but no water should stand around houses and on 
driveways, walks, parking lots, etc. Underground power, 
phone and TV cables are susceptable to water damage at risers 
and these must be considered in the drainage study.
Open ditches in residential developments are not accep­
table to most homeowners. Shallow drainage swales can be used, 
but must have flat-back scopes so that power mowers can keep 
the swale mowed. If weeds and high grass are allowed to grow 
in the swales, the water carrying capacity is diminished and 
localized flooding or ponding can occur.
♦Partner, Smith - Baldwin, Consulting Engineers, Tallahassee 
Florida
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Inverted crowns on feeder streets offer one method of 
water control at no additional cost. This is not acceptable 
on main arterial streets.
6. SANITARY SEWERS - Mobile home parks offer a real challenge 
to engineers designing sanitary sewer systems. The sewer lines 
can be run anywhere within the property so flow, grade, size 
and cost become the only criteria. Do not confine sewers to 
streets but rather locate to minimize costs.
Various materials are available for sewer lines. Initial 
cost is important but maintenance is equally important. Cer­
tain plastics are quite satisfactory, but unless properly 
installed, can be crushed by heavy wheel loads. In many cases 
a more expensive line of materials can be laid at a higher 
elevation minimizing cut and resulting in a net savings (where 
freezing is no problem).
Extreme care must be used in sewer design since about 
twenty to twenty-five per cent of the total cost of a mobile 
home park or mobile home subdivision will be sewer mains and 
sewer laterals. The only other cost of similar magnitude is 
streets.
Sewage Treatment Plants: The first recommendation is to 
connect to a municipal plant if at all possible even at a 
very high cost. Currently, many manufacturers are building 
sewage treatment facilities. Each project will have several 
possible solutions to the sewage treatment problem. A pack­
age plant may be quite suitable for a small project, but in 
general, custom designed plants with pre-engineered expan­
sion capabilities are better for larger developments.
Operational features must be carefully considered because 
in most cases good operators are not available. Also, the 
daily and weekly time requirements must be considered. Ex­
tended aeration plants may work reasonable well with only 
weekly maintenance and daily checks, but the contact chlorination 
plants require some daily maintenance.
Engineers designing facilities must consider the total 
project operation, not any segment. Realistic operational 
costs must be included in the pro-forma study; otherwise the 
project valve based on earnings may not be valid.
7. ELECTRICAL DISTRIBUTION - The electrical requirements in 
most small projects (less than a thousand homes) are primary 
and secondary distribution with no transmission considerations. 
Underground transmission lines are extremely expensive to 
build and normally not required except in highly developed 
areas.
Primary distribution lines are also relatively expensive.
By careful planning the length of underground lines may be 
minimized. Overhead lines properly located and cleanly de­
signed and built do not seriously detract from most housing 
projects. Some poles are needed such as for street lights, 
etc.
Underground secondary distribution lines can be installed 
at reasonable prices in most areas. New types of cable, trans­
formers, connectors, etc. as well as better construction 
methods, have drastically reduced the cost of underground power
lines. In most cost comparisons, underground secondary ser­
vices cost about twice the price of overhead service.
Underground services offer several advantages other than 
esthetic ones. First, underground lines are immune from wind 
and icing damage, but not from flooding. Second, they allow 
better site use in mobile home parks, since low lines over 
aluminum structures present a safety hazard.
The service size in mobile home parks has increased 
rapidly. Most homes require at least 100 AMP 220 single-phase 
service. All electric units require at least 150 AMP ser­
vice while others require 200 AMP single phase service. The 
cost of increasing a system from 150 AMP capacity is rather 
small in most cases, but to go from 100 to 150 AMPS is usually 
rather expensive. Adequate power capacity should be provided 
initially.
All power should go directly into the home per ordinary 
single family residential requirements. The obsolete re­
quirements of an extra breaker or fused disconnect is a throw­
back to old travel trailer concepts of quick hook-up, quick 
disconnect. Service over 60 AMPS must be wired direct so 
virtually all new mobile homes will be directly wired. Direct 
wiring can be avoided by using parallel pig tails (60 AMP ser­
vice cables), but pig tails cannot be buried, therefore caus­
ing a safety hazard. Engineers designing parks while meeting 
N.E.C. code requirements leave themselves liable for damage 
suits because the above hazards are real. Unless some immunity 
is guaranteed by the owner, the designer is liable.
8. WATER SYSTEMS - The quality and quantity of water require­
ments is about the same in mobile home parks as in single 
family subdivisions. Be sure that an adequate water supply is 
available. Fire protection can be minimal since mobile homes 
burn very efficiently and will usually completely burn in 
about 10 to 15 minutes. Normal fire departments cannot react 
quickly enough to be of any assistance. Mobile homes as 
normally built, i.e. interior plywood paneling, stud walls, 
insulation and exterior metal skin are excellent ovens con­
taining heat within the home. Little heat builds up outside 
the home unless windows are broken.
Water lines offer a place to minimize construction costs. 
Locate mains to minimize construction costs. Locate mains 
to minimize length of large lines. Loop all lines except 
some individual services. Do not be restricted by lot lines, 
consider only other underground utilities.
Use plastic and fiberglass pipe only as recommended by 
the manufacturers. Be extremely careful of the details in­
volved in connections. These connections are more critical 
than the normal details required by galvanized steel or cast 
iron lines.
Properly installed plastic lines have performed satis­
factorily over several years and should be carefully considered 
for any mobile home park. Repairs can be made to plastic lines 
very rapidly and inexpensively.
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9. PHONE SYSTEMS - The phone lines should be installed under­
ground and enough lines should be present to give each home
at least one private line.
10. TELEVISION CABLE - Two factors must be considered; first 
is a community cable system available or will one be available 
in the near future? If a community system is available, it 
should be used. If one may be available in the near future, 
the system installed should be compatible with the cable 
system. Second, a community quality system must be used rather 
than a master quality system. Color reception is very re­
sponsive to the antenna signal and in most cases a master 
system will not be satisfactory.
TV antennas are most unsightly as well as hazardous when 
installed in a park with overhead wiring.
11. STREETS AND PAVING - Few heavy wheel loads will be imposed 
on mobile home parks streets; hence, minimum strength streets 
will be sufficient. The wearing surface should be smooth.
Prudent selection of traffic patterns will allow minimum 
width streets. Off street parking adjacent to the home is a 
feature desired by most homeowners. These off-street sites 
can be designed for automobiles only. Pavement surfaces 
should be relatively smooth.
Minimum width (30") sidewalks should be provided along 
streets with about 40" to 42" walks along major traffic arteries. 
Sidewalks can be used as curbs avoiding the necessity of curb 
and gutters.
Local costs should be checked to determine the better 
sub-base. Use the least expensive method available to obtain 
the desired strength. Asphalt driveways are acceptable, but 
concrete offers many advantages, such as oil spill resistance. 
Concrete is somewhat more expensive in most cases.
12. GAS SYSTEM - Both natural gas and liquified petroleum gas 
systems may be used. Where natural gas is available, it will 
usually be less expensive than LP gas. This saving should be 
made possible and passed on for the tenants. Natural gas 
systems are usually installed by the utility office. LP
gas systems offer many possible methods of operation such 
as:
1. Utility installed, owned, and operated.
2. Park installed, owned, and operated.
3. Any of the above combinations.
Usually the LP system pays a franchise fee unless owned and 
operated by the park management.
The most important consideration is to have an adequate 
fuel supply available at all times. The second factor is to 
maintain a reasonable fuel cost.
13. GARBAGE AND TRASH COLLECTION - Municipal service is best.
A franchise service may be satisfactory and is required in 
many areas. Park operated garbage and trash collection is
a problem situation at best and a health menace at the worst. 
Most families expect to place garbage in a can adjacent to 
their home. Underground containers are not large enough and 
satisfactory in most cases.
14. SPECIAL FEATURES - Recreation facilities, health services, 
retail and commercial operations will not be considered since 
they vary so widely. Laundramats, for instance, may not be 
needed because about 80% of mobile homes have washers installed 
at the time of the sale. When a laundramat is built, the 
ratio of dryers to washers should be high, about 2 dryers for
3 washers.
15. PROJECT COSTS - The cost of several mobile home parks and 
mobile home subdivisions built in the southeast are shown in 
Table II with a brief summary of the facilities provided as 
well as any special construction problems or special site 
features.
TABLE I
1000 Square Foot House 
3 Bedroom, 1 Bath 
Rexwood Subdivision 
Tallahassee, Florida
Modular Conventional
Lot $1,500 $1,500
Utilities 300 300
Foundation 900 NA
House 6,200 6,640
Transportation 300 NA
Set-up 350 NA
Profit 1,580 1,710
Real Estate Commission NA 680
Discount 570 570
Total $11,400 $11,400
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TABU IX
PARK DEVELOPMENT
COMPARATIVE CONSTRUCTION COST
1966 1966 1969
Tallahassee - Cost Orlando - Cost Savannah - Cost
ITEM COSTS Per 159 SPaoes Par 184 Spaces Par 51 Spaees
Lend "i jC ts i ite.b2 — | r$357W
Survey A Engineering 71 .74 37.00
Salaries - Management 184.00
Salaries - Other
Grading and Pilling 54.77 129.00
Paring 153.52 505.18 541.00
Sewer - Refundable 125.95 194.25
Sewer - Eon-refundable 166.00
Water - Refundable 120.90
Water - Non-refundable 180.00
Electric - Refundable 255.05 122.79
Eleotrle - Non-refund able 69.00
Patios 55.26 95.00 194.00
Sidewalks 72.15
Land soaping 59.47 58.17 228.00
Pool A Bathhouse 86.68 56.60
Laundry 184.81
Utility Buildings 74.87 60.00 55.50
Street Lights 7.00
TV System 77.81 54.27 127.00
Garbage Raoks A Clotheslines 18.00
Mailboxes 3.oo
Playground
Home Office Management
Administrative
Utilities A Telephone 5.00
Taxes A Interest 3.00
Eculpment - Depr. A Repair 59.00
Travel A Weekly Expense 31.00
Miscellaneous - Supplies 14.00
Gas - Non-refundable
Gas - Refundable
Entrance Sign or Pemce 29.00
Seawall
Contingency
$ i",220.9$ 1 2,029.0$ 1 £,$02.65
TABLE II - Continued
1969
Tallahassee - Cost 
Per 117 Spaees
1969
Tallahassee - Cost 
Per 38 Spaces
1970
Wakulla County - 
Cost Per 113 Spaces
1970
Albany, Oa. - Cost 
Per 114 Spaoes
| 201 ISO 301.00 1  77.15 t 261.0018.00 35.00 55.00 50.00
164.15 274.00 58.00 50.00107.00 60.00 857.00 102.00
562.00 480.00 450.00 127.00
62.00 172.00 400.00
148.00 96.00 200.00 563.00
8.00 57.00 50.00
122.00 47.00 100.00 212.00
66.00 325.00 200.00
185.00 66.00 60.00 225.00
155.00 117.00 170.00 160.00
54.00 128.00 200.00 82.00
129.00 92.00 185.00 50.00
167.00 170.00 80.00
69.00 85.00 75.00
18.00 50.00
105.00 100.00
7.00 6.00 9.00
5.00 5.00 6.00 10.00
12.00 14.00 50.00
14.00 25.00
10.00 50.00
5.00 6.00 2.00 25.00
73.00 16.00 100.00 50.00
4.00 11.00 4.00
5.00 11.00 11.00 20.00
6.00 56.00 16.00
50.00
54.00
3.00 18.00 10.00 10.00
1,450.00
150.00 25.00
1 2,258.95 1 £,415.00 1 5,172.15 I 2,215.00
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TABLE I I  -  Continued
1970
Tallahassee - Cost 
Per 59 Snaoes
1969
Tallahassee - Cost 
Per 17 Spaoes
1969
Tallahassee - Cost 
Per 115 Spaces
Tallahassee - Cost 
Per 16 Spaces
1969
Tasrpe - Cost 
Per 276 Spaces
t 500.00 650.00 595.00 * 1 562.00
110.00 61.00 56.00 91.00
51.00 446.00 49.00 25.00
71.00 20.00 50.00
200.00 245.00 205.00
580.00 420.00 598.00 71.11 407.00
78.00 551.00
152.00 272.00 168.00 95.28 401.00
157.00 518.00 82.00 78.88
55.00 85.00 67.00 69.06 155.00
450.00 79.00 276.00 100.00
56.00 55.00 66.00 26.56 110.00
165.00 118.00 15.81 220.00
190.00 140.00 191.00 555.28 128.00
75.00 17.00 51.00 11.96
44.00
19.00
75.00 8.00
5.00
12.70 27.00
8.00 21.00 5.00
1.70 .07 5.00
54.00 160.00 55.00
4.00 19.00 8.00
2.60 17.00 6.00
4.00 51.00 9.00
4.00
51.00 28.00
106.00 50.00
t 2,170."06 I ^482.07 I 2,782.00 1 566.66 * 2,182.00
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SEARCH FOR ECONOMIC AND UNIVERSAL HOUSING SYSTEMS - 
SOME DESIGN AND CONSTRUCTION EXPERIENCE
By
Zenon A. Zielinski*
1. IMTRQIPCTION - INCREASING DaUND VEtSPS INSUFFICIENT BOUSING SUPPLY
As increasing demand for better, cheaper and faster housing con­
struction stems from natural increase of population, and rapid urbanisa­
tion. This is true for both developing «iui developed countries.
Although new inventions and techniques, mechanisation and automatisa- 
tion are being adopted in other fields of frimmn activity, the housing 
industry, which after food production is of first priority, continues to 
lag behind. Only recently, during the last decade, the need for better 
organised housing planning and construction has been recognised. New pre­
fabrication and industrialised housing systems have been tried out in some 
countries. As yet, they axe employed only on an individual and limited 
basis and their development has been very slow, especially by contrast 
with progress made in other fields.
Still today, even in developed countries, only a small percent of 
housing is done by professional man - an architect or engineer. Most are 
done by private citizens - villagers or towns folk - and developers, accord­
ing to traditional and time-worn structural concepts.
Under these conditions the cost of housing remains very high and 
prohibitive for the financially weaker section of population who 
make-up the majority of the population in developing countries. The result 
has been tragic housing shortages, the growth of unhealthy slums, and the 
deterioration of whole cities.
The Calcutta Metropolitan District with its population of 7.5 million 
can be taken as an example of a huge, rapidly growing, urban complex where 
the lack of housing has long since past the critical point. According to 
the basic Development Plan prepared in 1966, by the Calcutta Metropolitan 
Planning Organisation and Ford Foundation Advisory Planning Group, the 
housing need in Calcutta Metropolitan District, only to satisfy the 
increased population and absorb slum dwellers, Is 67,000 units per year 
upto 1986 whereas the yearly production figure stands between 10,000 to
30,000 units per year. As each year passes the housing situation becomes 
still worse. Calcutta is not the only example. Similar problems are being 
faced in many other places.
It is the "science of housing" that should now be given more 
attention, for the house is the basic element of modern urban planning, 
whether it De the planning of new cities, expanding the old, or the 
rehabilitation of populations already ill-hou9ed.
How our cities will look tomorrow depends on how we build our 
houses today, in what number, how fast and at what cost.
2. SYSTEMS APPROACH -  A NECESSITY IN HOUSING DESIGN
The need for a shelter is common to all human beings irrespective 
of their origin, culture or geographic location. Cultural, environmental 
or economic factors, however may cause shelters to be different in form.
The analysis of functions and components of what we call 'shelter' 
or 'house' would demonstrate that there are some basic, structural com­
ponents which are common to all shelters (examples: structure of wall, 
structure of floor or roof, door units, etc.), and secondary or optional 
components which may appear or not, depending on cultural, environmental 
or economic factors (examples: water-proofing, thermal insolution, 
decoration, special appliances, etc.).
As basic components appear in every shelter, a shelter composed 
only of them would represent structure of minimum possible cost. These 
components could be developed on universal global basis. The supple­
mentary components would be introduced only where they may be required 
or whenever they could be afforded economically or, in some instance, 
they might be installed on a self-help basis.
^Consultant, Ford Foundation Advisory Group, Calcutta Metropolitan 
Planning Organization, Calcutta, India
Such an approach places first priority on the development of new 
materials and techniques and secondly on disciplines of house design.
This would be in contrast to present practice.
A systems design approach appears to be a necessity of future 
housing development including definition of main housing components, 
applicable on a universal, global basis; the production of basic shelter's 
durable structure in the fastest, possible way and at a minimum cost; 
the adaptation of the structure to different cultural and environmental 
conditions through use supplementing components.
The development of modular, industrially-produced, flexible, hous­
ing components and their organisation into individual custom-built hous­
ing unit3, blocks, or townships, will be the future of architectural and 
engineering professions.
3. SOME ELEMENTS OF ECONOMIC HOUSING DESIGN
The total cost of housing development consists of several elements 
including land development, instalations (water, sewerage, electricity), 
construction of buildings and maintenance.
We intend to limit our discussion here only to costs of building 
construction and maintenance which constitute the largest part of housing 
cost. Having in mind the fact that production of housing has to be 
accelerated in existing conditions of always limited financial resources 
we must look for new ,and more appropriate housing systems and design 
concepts.
The interaction of several elements can result in an economic 
housing design. Some could be listed as follows:
a) Standardisation and modular coordination - Economy of housing develop­
ment can be achieved by standardising of housing space (building height, 
size of rooms, kitchen, toilettes) and of building elements (wall elements, 
floor or roof elements, doors, windows, appliances, etc.) Space norms -
in square footage per person - have been enforced in several countries 
with centralised planning as first means of economic housing development.
b) Economic site planning and house designing - This includes adopting 
of proper housing densities, housing types (single family houses or 
apartment blocks of defined heights), and economic architectural and 
structural house designs. Standard house designs have been introduced 
quite often,
c) Selection of proper structural materials - Time of brick as basic 
structural material seems to be gone. With cost of labour going up 
brick construction has become too costly.
Timber as basic structural material underwent evolution from a 
log house to a baloon frame. The baloon frame was an economic house 
structure and became very popular and, especially in the USA, it revolu­
tionised housing industry. It is still a popular system, both standard­
ised and flexible, it allows freedom of design and use of variety of 
supplementing elements (wall panels, insolution and finishing materials).
Unfortunately, in most cases, timber is now in short supply and 
expensive. For some building types timber is not sufficiently strong, 
fire-proof, or durable. Timber houses deteriorate fast and they cannot 
be rehabilitated as easily as durable brick or stone houses can be.
There is probably truth in often-heard statement that timber construct­
ion of houses, presumably for one generation, but used in deteriorated 
st t^e for two or more generations, is one of the contributors of urban 
deterioration and even of segregation in existing American cities.
Structural steel cannot be considered as principal structural 
material for mass housing either. It is too expensive.
Concrete or rather reinforced concrete appears to be today's 
beat structural material. It has all required characteristics. It can 
be produced locally, ia available almost anywhere. It is durable, fire­
proof, earthquake-resistant, flexible in use and provides scope for 
various aesthetic treatment.
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Wider and better use of concrete should be considered for saas 
bousing construction today. Prefabrication and industrial production 
of concrete modular units should be recognised as the right answer.
Obviously new materials as they are developed, including plastics 
or new compositions of traditional materials, should not be neglected in 
future.
d) Economic use of structural materials - Selection of proper structural 
material may not produce economic housing if material is wastefully and 
improperly used. Better knowledge of materials structural properties, 
and use of proper structural systems contribute to economic structural 
design.
Time does not permit to give examples of how savings could be made 
by proper use of structural material's. Simplicity, elisiination of un­
necessary decorative elements, thin wall structures, hollow core elements, 
shells and box type systems, are some examples of economic structural 
design. But even box systems can be wasteful and expensive if not properly 
designed. "Habitat 67" at EXPO 67, in Montreal, waa a bad example in 
this respect*
e) Industrialised production of housing components - The introduction and 
acceptance of industrially-produced building components, based on standard­
isation and modular coordination, will be probably the single-moat import­
ant element of universal and economic housing design.
In case of reinforced concrete industrialised production means
mass-prefabrication of housing elements.
4. EXPERIENCE OF INTRODUCTION OF UCOPAN TMMISTRTALTSED HOTTKTKT. SYSTEM
4.1 - Description of the System
On the basis of the requirements discussed above this author 
ieveloped a new Universal Concrete Panel System, called "UCOPAN" in short, 
'bich facilitates the construction of aesthetic, durable, fireproof, 
flexible and economic housing.
UCOPAN is a modular structural system allowing for the construct­
ion of any size single or multi-storey houses that consist of rectangular
rooms.
Walls and floors (or roofs) are constructed out of the same type 
of modular prefabricated panels. %ere are only two basic modular panels 
—  one for walls and the other for the floor/roof —  or only one type of 
panel for both walls and floors or roofs if the reinforcement of the 
panels is changed according to different loading requirements.
Panels can be made to any chosen modular size, in accordance with 
specific space requirement and available mechanisation. For rural con­
struction condition, where only simple tripods and pulleys can be used, 
minihum modular size of panel can be assumed —  about 9'x3' or 10'x}' 
as it was done in India. Models of such panels are illustrated in 
Figs 1 and 2.
The height of 9 or 10 feet, chosen here, conforms to normal room 
height. The width of panel equal 3 feet providee space necessary to 
accommodate normal door. Chosen length of 10 feet for roof panel conforms 
to basic rooms width of also 10 feet.
The UCOPAN system has been developed for rapid construction of
durable housing units at minimum cost and with the least possible quantity 
of basic structural materials.
A thin wall concept has been adopted for panels. Walls are made 
of 1" to 1.3" thick concrete, reinforced with mesh or wire. The required 
strength and rigidity of the panels and of the entire building is provided 
by means of reinforced ribs at the perimeter and in-between two panels. 
Thus, a system has been introduced where the total consumption of rein­
forced concrete for wall or floor structure, when considered as s layer 
of concrete spread flat on the floor, could be of only 2" to 3" thickness. 
The depth of the ribs, which impart rigidity and strength to the wall or 
to the floor, could be determined accordiiy to the design (6H or more).
An example of a roof panel —  its dimensions and reinforcansnt —  is 
given in Fig<3.
A universal single form has beam designed for wall panels. Diff­
erent types of panels can be produoed in the same form, made aooording
to basic templets as shown in Fig.4- There are solid or open panels 
(with door or window) as well as panels with extensions on either side 
or on the top. All of them are produoed in the same form with special 
inserts, depending on requirements of the panel.
Because of their reasonable size, panels can be produced indus­
trially under mechanised factory conditions or directly on the building 
site using simple concrete moulds or forms made of timber or steel.
Concrete moulds as well as timber and steel forms have been tried 
in India and Nepal. An example of timber form for wall panels is shown 
in Fig.3 and of steel form for roof panels - in Fig.6.
Simple site-prefabrication and natural open air curing may be the 
cheapest solution where weather conditions permit. In India for example 
panels are cast in an open air. The day after casting they are removed 
from forms, turned upside down, filled with water and left exposed for 
natural curing for about 7 days. Panels during such a curing process 
can be seen in Fig.7.
UCOPAN has been designed as an universal system. It can be used 
for any house-plan and for single as well as multi-storey (up to 8 floors) 
construction. Model schemes of UCOPAN construction of single- and multi­
storey buildings are shown in Figs 8 and 9 respectively.
The perimeter ribs on UCOPAN panels are at an obtuse angle to the 
panel membrane and are shaped in such a way that,when the panels are 
placed side by side, gaps exist between the ribs along vertical and hori­
zontal lines. The gaps can be filled in with additional reinforcement 
and concrete which ties seperate panels into a solid and monolithic 
structure so that the rooms or even the whole finished building itself 
becomes a box-like structure —  strong and rigid in spite of its thin 
walla. This is an extra advantage that makes UCOPAN buildings durable 
and especially suitable for weak soil conditions, seismic zones and flood- 
prone areas. The obtuse angle perimeter also makes forms simpler and 
removal of panels from forms easier and faster.
The perimeter ribs in wall panels are arranged in such a way that 
the fixing of joints is simple. It is done just by filling the cavity 
with concrete from the top. After hardening the concrete acts as a lock. 
Special and expensive connecting elements such as plastic or rubber gaskets, 
which are normally used in joints in other systems, have been eliminated. 
Detail of joints betwen panels can be studied in Figs 10 and 11.
Examples of the reinforoement in the joints between roof panels on 
a corner segment of a house with a cantilever of one panel width can be 
seen in Fig.12.
The UCOPAN panels in place, connected along the perimeter with roof 
waterproofed, constitute a low-cost housing unit ready for immediate 
occupancy in mild climatic conditions. Under conditions of extrsme heat 
or cold, however, additional insulation is required. It can be placed 
inside the hollow, formed by the panel's perimeter ribs. In order to 
obtain better acoustics or to achieve a higher level of amenity extra 
finish or better lining can also be given to a UCQPAN house. Any material 
—  additional concrete panels, dry gypsum boards, plywood, plastic, metal, 
bricks, wall-paper, etc., —  can be used for this purpose. Such lining, 
if desired, can be given to the panels at the time of their production 
or on the assembled structures after erection. Many such Improvements 
inside a bouse can even be effected later by the occupants themselves on 
a self-help basis.
The small size of panels has been chosen in India in order to 
limit the weight of panels only to 300-350 kg. That weight allows the 
panels to be handled manually if conditions demand. This is a very
important factor for economy in some countries and permits a wide use. 
of the system.
In order to make assembly of panels easier and to conserve labour, 
especially in case of multi-storey building construction, a very simple, 
mobile, but manually operated, hoist has been also designed. The hoist 
is shown in Fig. 13. A model of similar hoist oan also be seen in Fig.8.
The hoist consists basically of 4 units —  pulley or lifting hoist, 
a stand frame, bracing elements and a base frame with wheels. All the 
units are simply connected with bolts which oan be removed. Bach hoist- 
unit oan be easily manually transported to new position or to the next 
floor —  in oase of multi-storey construction.
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4.2 Application Examples
Sine; its introduction in early 1969, UCOPAN system have been 
used on many projects. Several standardised application designs have 
bean developed including single and multi-storey housing units, schools, 
health centers, university buildings, etc.
Basically, two application alternatives have been popularised! 
first —  whurc only roofs and floors are made out of panels but walls 
remain of traditional materials, second —  where floors, roofs and walls 
are made out of panels.
Selected examples of standard designs and applications are given
below.
Figs 14, 15 and 16 illustrate a single-storey row-type housing 
design, developed in the Calcutta Metropolitan Planning Organisation.
This demonstrated use of smallest size house units consisting of two 
rooms with toilet and bath and of total plinth area of approximately 
299 sq.ft. Estimated cost of single house unit of this type is approxi­
mately Indian Rupees 3500 means Rupees 11 per sq.ft. (Indian Rupees 7.50 
to 00 *).
i^fe.17, shows design of a house for floou victims in North Bengal 
prepared in the Siliguri Planning Organisation. Three such houses were 
built for demonstration purpose. It took approximately 5 days to build 
complete house of this type including preparing of ground and foundations. 
Panels were cast earlier in an open yard shown in Fig.5. After panels 
achieved their strength they were transported on trucks to the sites 
located in a distance of 30 miles (16 panels load per truck). Transport 
of panels and different stages of assembly are illustrated in Fig,18. 
Completed houses can be seen in Fig.19.
Fig.20, shows how interiors of these houses were made more attract­
ive by painting of traditional Indian alponas on panels between ribs.
In these houses Doth roofs and walls are made of precast panels, no 
wqll lining was introduced.
Fig.21, shows another type of one-storey house designed for tea 
plantation workers. A bigger, split level, three-room house can be seen 
in Fig.22.
The illustrations of Fig.23, show the construction of series of 
low-cost houses on Tribuvan University Campus in Kathmandu, Nepal.
Exposed, brick is used here for walls and UCOPAN panels for roofs.
An example of standardised multi-storey apartment block design, 
developed in the Calcutta Metropolitan Planning Organisation, is present­
ed in Fig.24. The whole structure i3 designed here out of standard 
panela, including balcony railing, and foundations. Houses up to 8 stories 
could be built this way. Illustration of construction of two storey 
similar house built in Calcutta are shown in Fig.25. A colony of 50 
UCOPaN houses is now in advanced stage of assembly at Durgapur City 
Center.
UCOPAN system has been adopted lately for several bigger projects 
all over India including 4000 apartment units to be erected at new town­
ship of Borivili in Bombay, apartment blocks for military personnel, 
mine workers etc.
The illustrations given above demonstrate the simplest way in 
which modular thin wall concrete panels can be used. B»e same panels 
may be used in more sophisticated, in structural terms, conditions - as 
part of composite structures, including also precast or cast-in-situ 
beans or frames or for creation of structural space systems like shells, 
folded plates or so.
The design of the Center for Economic Development and Administra­
tion at Tribuvan University in Kathmandu can be taken as a good example 
in this respect. This project is in construction now and will be com­
pleted curing one construction season.
As it can be seen from illustrations of Figs 26, 27 an.. 28 this 
project consists of series of buildings including four-storey dormitory 
block, big auditorium hall, lecture rooms and office blocks. All these 
buildings have different structural spans from 9 to 50 ft. However, all 
roofs and floors on the whole complex will be made out of one modular 
UCOPAN panel of 9x3 feet. Bigger span structures will be created by 
using the same panels in composition with precast or cast-in-situ beams.
All supporting elements —  pillars and walls —  will be made out of 
factory produced, exposed bricks. It appeared here that even ground 
floor slabs, made of the same panel, are cheaper than traditional floor, 
made of earth filling and cost-in-situ concrete.
Even the dome type roof, spanning about 50 feet in the big 
seminar hall will be made out of modular panels. This structure is 
illustrated in Fig.27, Separate panels of 3*9 feet will produce a mono­
lithic dome after joineries between panels will be filled in with caat- 
in-situ conorete. Approximately, 2jjf thousand of panels will be used on 
all buildings in this project. The same panels arc being marketted 
from now on for use in other buildings now under design in the- Kathmanau 
Valley.
5. OTHEit EXAMPLES OF USE OF UNIVERSAL INDUSTRIALISED HOUSING SYST3IS
The industrialised modular panel structural system has been employed 
also on other occasions. For example in 1965, a similar system to the 
one described above was introduced by the author in the design of the 
new City of Asswan in Egypt. (See Figs 29 and 30). Here again two 
basic panels — one for walls and one for roofs were introduced. In Asswan, 
with its desert climate, and high diurnal temperature variations (cold 
at night and very hot in the daytime), it was desirable to utilise a 
structural system having heavy thick wall and roof elements able to 
store heat and cold, This would appear to be in conflict with our con­
cepts cf minimum cost and minimum consumption of structural materials.
In this case a double panel external wall, of minimum thickness, with 
desert sand poured between the panels allowed minimum cost while provid­
ing the desired heat storage capacity. A system of single panel with a 
thick desert sand cover on the top was the cheapest solution for the 
roof. Minimum panel thickness with no water proofing on flat roofs is 
acceptable in Asswan, a "never-rain" c ondition.
This structural system has been adopted for the design of the 
whole new City, even though different house types have been included — 
all of them made- of the same two type pens Is.
The planning concept here was to compose a city out of urban 
units, those units out of standard housing blocks, those blocks out of 
different dwelling units and finally the dwelling units out of the same 
standard structural panels.
In advanced, urbanised and developed centres where lack of mechani­
sation is not a problem, for example, in America, it is necessary to 
think in terms of a universal system, using larger size units, which 
would conserve labour. Here the size of the panels does not have to 
be limited by the strength of a men, or by the size of door size, but 
may be chosen on a highway clearance basis. However, even in mechanised
countries, where labour is more costly than material, the element of 
minimum consumption of materials will remain valid, since consumption 
of labour ia in proportion tc the amount of materiel used.
An universal large scale concrete panel housing system, called 
'LUCOPAN', has been proposed in 1967, for urban renewal in Detroit area 
and Montreal which is illustrated in Fig.31, J2 and 33, Dimensions of 
8x8 feet (or 10x10) was suggested hero as basic module. This equals 
room's height what also equals to highway clearance. A double module 
units of 8x16 feet (or 10x20 feet) or triple module units of 8x24 feet 
(or 10x30 feet) were possible. Only one universal panel, able to work 
in walls as well as in floors or roofs was adopted. When making these 
panel out of reinforced concrete, the reinforcement in itself could be 
different for wall and roof panels. By using of only six panels of 
10x20 feet (as it is shown in Fig.51), it would be possible to produce 
a basic house unit of 600 sq.ft, thus accomodating a medium size apart­
ment. A minimum number of three panels for walls and only three panels 
for the roof produce a "rigid box" - a very effective and practical 
structural system. Such a "box" can be used for the production of free 
standing or row type houses of any shape (Fig.33). It is also suitable 
for different types of multistorey houses.
Through proper structural arrangements of blocks, it will be. 
possible to produce attractive compositions of arching or even overhang­
ing houses - in effect the whole new housing environment.
The panels themself produce instantly, a basic durable and fire­
proof shell of a house. Light weight partition segments, window or
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door segments as well as home appliances would fellow (many are already 
available on the market as standard products.) Using this system it is 
possible to think in terms of mobile and rearrangeable partition elements, 
eventually functionally combined with the furniture and introduced on 
"plug-in" and "plug-out" (even "trade-in") basis. The panels could 
also be equipped with prefabricated insulations and could be finished 
in any desired way in the factory or later, on a "do it yourself" basis. 
The producer of panels could offer the delivery and their immediate 
assembly on the site, in the same- fashion as ready-mixed concrete pro­
ducer is offering today both delivery and placing of concrete on the site.
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Figure 11
Figure 12
Figure 13
Figure 14
Figure 15 
Figure 16
View of two wall panels as they may appear in the building 
(both panels may also face the same direction). There is 
a gap between panels in the shape of a parallelogram which 
E ifter filling from the top with fine concrete will serve 
as a lock. In case of multi-storey building vertical 
reinforcement will bo dropped into the gap for vertical 
continuity.
Example of reinforcement in joints between-roof panel. 
Numbers in circles meant
(1) - Longitudinal bar of 3/8" diameter for cantilever
areas.
(2) - Standard continuous reinforcement of 3/8" diameter
in all joints.
Simple hoist designed for assembling of UCOPAN panels.
(a) - Hoist assembled on scooter wheels before placing
of counter balance. This hoist is operated 
manually.
(b) - Hoist assembled on a jeep seen in the front of
picture and scooter hoist-in the back of picture. 
(Sand bages used as counter balance).
Ground floor plan Of two segments of low cost single­
storey row-type housing, developed in the Calcutta Metro­
politan Planning Organisation (Architectural Consultant - 
Frederick C. Terzo, Structural - Z.A. Zielinski and 
R.N. Mukherjee)
Section through single storey building as shown in Fig.14. 
Panel Wall Scheme
Figure 17 Example of two room house designed in Siliguri Planning 
Organisation for flood victims in North Bengal.
Figure 18 - Different stages of assembling of houses for flood victims, 
build in 1969 according to design shown in Fig.17.
Figure 19 - Views of ready houses built for flood victims in North 
Bengal.
Figure 20 - Traditional Indian Alpona decorations demonstrated on
panels inside of a house built for flood victims in North 
Bengal, (interior Design Advisor - Czeslawa Zielinska).
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6. Calcutta Metropolitan Planning Organisation, Album: "Single Storey
Low Cost Housing Units - Tapsia type - UCOPAN System", 
Calcutta, 1969.
Figure 21 Design of a house for tea plantation workers in North 
Bengal.
Figure 22 An example of split-level house made of UCOPAN panels.
Figure 23 - Illustrations of construction of series of low cost houses 
in Kathmandu, Nepal. Exposed, factory made, brick is used 
here for walls but roofs are made of UCOPAN panels. Slopp­
ing panels cover storage space. Stepping elevation and 
split level roof arrangement makes houses fit to mountainous 
environment - (Arch.Consultant - Carel Pruscha, Structural - 
Z.A. Zielinski)
7. Siliguri Planning Organisation, Album: "Low Cost Housing, Designs
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at Jo.lpaiguri, North Bengal" - by Siliguri Planning Organisa­
tion, Calcutta Metropolitan Planning Organisation and Ford 
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8. LIST OF FIGURES
Figure 1 UCOPAN - precast reinforced concrete wall panels 9*3 feet 
(solid panel, ventilation panel and window panel).
Figure 24
Figure 25
Figure 26
Example of UCOPAN panel made four-storey town house con­
sisting of "Regular Two Room Apartments" (according tc 
Indian Government Housing Standards)
Illustrations of construction of two-storey apartment 
house made of standard UCOPAN panels, erected as a proto­
type in Calcutta.
Design and model illustrations of the Center of Economic 
Development and Administration at Tribuvan University in 
Kathmandu. This building complex is designed using only 
exposed brick for walls and UCOPAN panels for roofs and 
floors. It consists of an auditorium, lecture rooms, 
offices and dormitories. Dormitories are located in four- 
storey, long building with sloping walls (Architectural 
Consultant - Carel Pruscha, Structural - Z.A. Zielinski 
and Umesh Malla).
Figure 2 UCOPAN - precast reinforced concrete floor and roof panels 
10xJ feet. Weight of single panel 800 lbs.
Figure 3 Precast roof panel RP 10x3 - dimensions and reinforcement.
Figure 4 Different wall panels which can be produced in the same 
universal form.
Figure 27 - View of a model and of reflecting ceiling of the auditorium.
Figure 28 - Illustrations of construction of the Center of Economic 
Studies and Administration in Kathmandu. -Scaffolding 
assembled for UCOPAN dome-type roof of auditorium (compare 
Fig.27).
Figure 5 
Figure 6
Figure 7
Figure 8
Example of timber form for wall panels used in North Bengal. 
In front - freshly cast window wall panel. In the back - 
panels in curing.
Example of steel form for casting of UCOPAN panels for 
roof/floor, used in Nepal.
UCOPAN panels filled with water for 7 days of natural
curing in open air in hot country condition.
(a) - wall panels
(b) - roof panels
Scheme of use of UCOPAN system for single-storey housing 
construction (model).
Figure 29 - Structural model, elevation and selected design example of 
an apartment block for new city of Asswau in Egypt. Diff­
erent type houses, urban units and the whole city were 
designed using the same standardised ribbed panels as seen 
in the model. This design was made in 1965/66 with the 
Ford Foundation assistance (Arch.Design and Planning - 
Jerzy Glowczeaki and Kernel Abou Hamda, Structural Design - 
Z.A. Zielinski).
Figure 30 - Selected urban u n itB  and overall view of New City of Asswan.
Figure 31 - "LUC0PAN" - large scale penel system, designed for urban
renewal of Detroit and Mcntreal. M-Module of 8 or 10 feet. 
Six modular panels produce the basic house unit, working 
as a box. Partition walls should be added.
Figure 9 Scheme of use of UCOPAN system for multi-storey housing 
construction (model).
Figure 32 Examples of partition walls arrangement for LUC0PAN units 
as illustrated in Fig.31.
Figure 10 - View of roof panels placed in position and of joints with 
reinforcement for continuity, before filling in with con­
crete .
Figure 33 Examples of composing of LUCOPAH houses (Architectural 
Designer - Bruno Leon, Structural - Z.A. Zielinski)
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Fig. 4 Different wall panels which can be produced in the same universal form.
Fig. 1 UCOPAN - precast reinforced concrete wall panels: 9’x3’ solid panel, ventila^ 
tion panel and window panel.
Fig. 5 Example of timberform for wall panels used in North Bengal. In front - freshly 
cast window wall panel. In the back - panels in curing.
Fig. 2 UCOPAN - precast reinforced concrete floor and roof panels 10’x3\ Weight of 
Single panel 800 lbs.
Fig. 3 Precast roof panel RP 10x3 - dimensions and reinforcement.
Fig. 6 Example of steel form for casting of UCOPAN panels for roof/floor, used in 
Nepal.
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a,/ wall panels;
Fig. 9 Scheme of use of L'COPAX system for multi-storey housing construction (model
Fig. 7 UCOPAX panels filled with water for 7 days of natural curing in open air in hot 
country condition.
Fig. S Scheme of use of UCOPAX system for single-storey housing construction (model).
Fig. 11 View of two wall panels as they may appear in the building (both panels may ah 
face the same direction). There is a gap between panels in the shape of a par­
allelogram which after filling from the top with fine concrete will serve as a 
lock. In case of multi-storey building vertical reinforcement will be dropped 
into the gap for vertical continuity.
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Fig. 12 Example of reinforcement in joints between roof panel. Numbers in circles 
mean:
(1) - Longitudinal bar of 3/8" diameter for cantilever areas.
(2) - Standard continuous reinforcement of .3 diameter in all joints.
(a) - Hoist assembled in scooter wheels before placing on counter balance. (b) - Hoist assembled on a jeep seen in the front of picture and scooter hoist-in
This hoist is operated manually. the back ot picture. (Sand bags used as counter balance).
Fig. id Simple hoist designed for assembling of I'C'OPAN panels.
Fig. 14 Ground floor plan of two segments of low cost single storey row 
type housing, developed in the Calcutta Metropolitan Planning 
Organization (Architectural Consultant - Frederick C. Terzo, 
Structural - Z. A. Zielinski and R.N. Mukherjee).
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Fig. 15 Section through single storey building as shown in Fig. 14
SECTION 14
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PANEL WALL SCHEME
Fig. 16
CONSTRUCTION MATERIAL
PRECAST R C C PANELS
TOTAL PLINTH AREA 344 <q ft.
TOTAL FLOOR AREA 280 sq ft
ROOM 1 84 ft
ROOM 2 84 sq ft
TERRACE AREA W ITH ROOF 84 *q ft
VERANDAH AREA W ITH  ROOF 28 *q ft
COST RS 2700
P L A N
I '8- TAR PAINT I 1/1* LEAN C.C.
S E C T IO N  O N  A -A
F i g .  17  E x a m p le  o f  tw o  r o o m  h o u s e  d e s ig n e d  in S i l i g u r i  P la n n in g
O r g a n iz a t io n  f o r  f lo o d  v i c t im s  in N o r th  B e n g a l.
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Fig. IS Different stages of assembling of houses for flood victims, build in 1969 accord­
ing to design shown in Fig. 17. F i g .  19 V i e w s  o f  r e a d y  h o u s e s  b u i l t  f o r  f l o o d  v i c t i m s  i n  N o r t h  B e n g a l .
Fig. 20 Traditional Indian alpona decorations demonstrated on panels inside of a house 
built for flood victims in North Bengal. (Interior Design Advisor - Czeslawa 
Zielinska)
P L A N
PERSPECTIVE V I E W
CONSTRUCTION MATERIAL
PRECAST R C. C PANELS
TOTAL PLINTH AREA 415 sq. fc
TOTAL FLOOR AREA 338 sq ft
ROOM 1 1 12 sq ft
ROOM 2 1 12 sq ft
KITCHEN AN D STORE 56 sq ft
BATH 18 sq. ft
W .C 10 sq. ft
VERANDAH 30 sq ft.
COST RS 4,000
F i g .  21 D e s i g n  o f  a  h o u s e  f o r  t e a  p l a n t a t i o n  w o r k e r s  i n  N o r t h  B e n g a l .
G R O U N D  FLOOR PLAN FIRST FLOOR PLAN
Fig. 22 An example of split-level house made of FCOPAX panels.
Fig. 23 Illustrations of construction of series of low cost houses in Kathmandu, Nepal. 
Exposed, factory made, brick is used here for walls but roofs are made ot 
FCOPAX panels. Slopping panels cover storage space. Stepping elevation and 
split level roof arrangement makes houses fit to mountainous environment - 
(Arch. Con. -Carel Pruscha, Structural - Z .A . Zielinski!
Proposed Regular T w o-R oom  A p artm en t Blocks 
Made of UCOPAN Elements
PROPOSED REGULAR T W O -U N IT
Fig. -4 Examples of UCOPAN panel made four-storey town house consisting of 
“ Regular Two Room Apartments”  (according to Indian Government
Housing Standards)
Fig. 25
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Illustrations of construction of two-storey apartment house made of standard 
UCOPAX panels, erected as a prototype in Calcutta.
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Fig. 26 Design and model illustrations of the Center of Economic Development and
Administration at Tribuvan University in Kathmandu. This building complex 
is designed using only exposed brick for walls and UCOPAN panels for roofs 
and floors. It consists of an auditorium, lecture rooms, offices and dorm i­
tories. Dormitories are located in four-storey, long building with sloping walls 
(Architectural Consultant - Carel Pruscha, Structural - Z .A . Zielinski and 
Umesh Malla)
8 5
Fig. 27 View of a model and of reflecting ceiling of the auditorium. Fig. 28 Illustrations of construction of the Center of Economic Studies & Administrate 
in Kathmandu. Scaffolding assembled for UCOPAN dometype roof of auditorium 
(compare Fig. 27)
8 6
Fig. 29 Structural model, elevation and selected design example of an apartment block 
for new City of Asswan in Egypt. Different type houses, urban units and the 
whole city were designed using the same standardised rubbed panels as seen in 
the model. This design was made in 1965/66 with the Ford Foundation assis­
tance (Arch. Design & Planning - Jerzy Glowczeski & Kamal Abou Hamda, Struct. 
Design - Z .A . Zielinski)
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Fig. 31 “ LUCOPAN" -  large scale panel system, designed for urban renewal of Detroit and 
Montreal. M-Module of 8 or 10 feet. Six modular panels produce the basic house 
unit, working as a box. Partition walls should be added.
“ T
J..
Fig. 32 Examples of partition walls arrangement for LUCOPAN units as 
shown in Fig. 31.
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LUCOPAN--large-scale universal precast reinforced 
concrete panel, used for single-storey housing as 
developed by the author for Detroit, U.S.A. Size 
of single panel 10'x 20'or 10' x30'. Size of housing 
unit about 600 sq. ft.
LUCOPAX used for terrace and overhanging 
apartment blocks. Membrane like behaviour of 
panel permits cantilevering, without increasing 
cost of construction.
LUCOPAX used for modem terrace housing and 
covered shopping blocks (“Habitat”).
LUCOPAX used for multi-storey town housing.
Fig. (i.'i Examples of composing of LUCOPAX houses (Architectural Designer - Bruno 
Leon, Structural - / .A . Zielinski)
90
mm
tu
CREATING A RESOURCE FOR LOW COST URBAN HOUSING: 
TOWARDS A POLICY FOR DEVELOPING THE MOBILE HOME INDUSTRY
By
Arthur D. Bernhardt*
The problems underlying our housing crisis can be summarised 
simply: Our housing production and delivery system must provide 
more and better housing at a lower cost. The annual production 
rate must be increased by more than 100%. The responsiveness of 
the production and delivery process to the needs of the user 
must be greatly increased. And occupancy costs per square foot 
of usable floor space must be substantially reduced.
Two basic strategies are available. One is to channel enough 
real resources into the housing industry so that it can provide 
enough adequate housing with its present efficiency level. The 
other strategy is to create a setting for the housing industry 
to substantially increase its efficiency and responsiveness to 
user needs.
Only by re-allocation of resources can the first strategy succeed. 
As appropriations for other areas of high social priority are 
below the desired level of funding, it appears necessary to 
minimize the need for re-allocation of resources. The second 
strategy, that is, maximizing the productivity of the basic real 
resource inputs of materials and labor, appears from a political 
perspective to be the most feasible option.
The author is presently conducting a research project on the 
mobile home industry to determine how this industry can optimise 
its performance, in terms of maximizing its efficiency and re­
sponsiveness to user needs, and how it can best contribute to 
solving the national urban housing problem. This project is an 
action-oriented, multi-discplinary, interagency effort. The 
primary objective is to determine the potential of the mobile 
home industry to produce better and more housing at a lower unit 
cost, especially for the urban market, and to develop a course 
of action for implementation.
This paper summarizes some of the intermediate findings of the 
project. The industry's present status and basic capabilities 
are briefly characterized. A discussion of the constraints 
within which the industry operates hints at a substantial latent 
potential. Finally, a methodology is discussed for identifying 
the latent potential and for developing a course of action.
STATUS OF THE MOBILE BOMB INDUSTRY 
Until about 1961 the demand for mobile homes grew at a rate pro­
portional to that for single family homes. But during 1961 to 
1970, which were years of a declining market for conventional 
single family housing, mobile home production rose by about 300%. 
In 1969, annual production of mobile homes passed the 400,000 
■ark. Over 90% of the total current production are 12 feet wide 
and 55 to 75 feet long. Today the average mobile home of 694 
square feet, completely furnished, retails for $6,000 or $9.75 
per square foot. Wholesale prices are $5 to $6 per square foot.
In 1969, mobile hosts production equalled 52% of conventional 
single family starts. More than nine out of ten new primary 
housing purchases valued up to $15,000 were mobile homes in 1969. 
Today the mobile home inventory exceeds two million units, repre­
senting close to 4% of the total national housing stock. The 
mobile home population approaches seven million.
CAPABILITY OF THE NOBILE BONE INDUSTRY 
The mobile hosts industry has developed without public assistance. 
One of the stain strengths of the industry is that it works with 
vigorous initiative to resx>ve barriers to further growth. The 
Focal point of the industry's initiative is the Mobile Boms 
Manufacturers Association which has concentrated primarily on
the socio-economic-political environment, particularly on prob­
lems of the post-distribution phase. The Association has con­
sistently worked to upgrade the once negative trailer image, 
and has lobbied for maintaining the vehicular definition of this 
product which made the mobile home industry immune to the re­
strictive controls operative in the housing market. Thus, the 
industry could escape building code-imposed redundancy, could 
standardise and thus employ mass production, and could use 
unskilled non-union factory labor. In the late forties and 
fifties, the Association worked successfully to educate the 
financial sector to finance mobile home retail purchases. Build­
ing code restrictions would have continued to constitute a sig­
nificant problem if during the fifties the Mobile Home Manufac­
turer's Association had not initiated a long-term program of 
self-regulation. The objective was the development of a nation­
wide uniform production standard. In 1969, "USA Standard A119.1- 
1969 for Mobile Homes— Body and Frame Design and Construction; 
Installation of Plumbing, Beating, and Electrical Systems" was 
published. The mobile home industry now has a nationwide uniform 
performance type code. Probably, the most important achievement, 
however, was that the industry virtually built its own market.
The association worked vigorously for over two decades to stimu­
late mobile home park development, by interesting the financial 
sector in financing such developments and by educating local 
government officials in an effort to overcome the practice of 
discriminatory zoning. The mobile home industry has created 
the mobile home park industry as an indispensable support function.
The industry is clearly in a phase of consolidation. The per­
centage of total sales accounted for by the leading ten manufac­
turers has steadily grown since 1959. Now, this concentration 
ratio is about 50%. The concentration ratio probably understates 
the amount of concentration in some regional markets. This can 
be compared with concentration ratios of 12% and 2% respectively 
in the manufactured home industry and the on-site residential 
building industry in 1968.
Originally, plant locations were highly concentrated. But with 
increasing unit dimensions, high freight rates stimulated a 
decentralisation process. Producers diversified geographically, 
either through acquisition or construction of branch plants in 
key market areas. Company sizes expanded more than plant size.
A relatively homogeneous network of plants began to cover the 
country. Regional retail sales patterns showed the same develop­
ment over time. The trend is clearly toward more even distribution 
of regional shares of total mobile home sales. An efficient 
production and delivery capability for low-cost housing spread 
evenly over the nation has developed.
Only some of the factors underlying the outstanding cost per­
formance of the industry can be mentioned here.
Close to 200 firms produce 10 or more anbile homes per year in 
approximately 400 plants. The largest plants produce up to 45 
units per day and employ direct labor in excess of 500 people. 
Mobile home manufacturing is highly efficient. The cost struc­
ture of mobile home manufacturers is doadnated by ataterial costs, 
which account for an average of 65%. Direct labor accounts for 
about 7-12%, profits before taxes for about 7-10%. Labor pro­
ductivity in the industry is high. For the production of 1,000 
square feet of net floor area, in place, exclusive of land and 
land development, the mobile home industry typically needs between 
135 and 230 man hours, the manufactured home industry needs 350 
to S40 for modules and 390 to 700 for package-based houses, and 
the traditional residential building industry usually from 700 
to 1,000.
•Director, Urban Systems Laboratory, Massachusetts Institute 
of Technology
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These differences in productivity are only in part the result of 
different production standards. It is true that Mobile hose 
manufacturers experience production cost increases of about 10- 
2S« if they manufacture a mobile home in compliance with FHA 
standards instead of with the industry code A119.1. However, 
the difference in productivity is primarily due to the greater 
operational efficiency of mobile home manufacturing. For example, 
a dwelling unit consisting of three modules with given structural 
and mechanical specifications, requiring 500 man hours of direct 
factory labor for a home manufacturer, can be produced in only 
300 man hours by a mobile home manufacturer. As another example, 
a mobile home manufacturer spends approximately $1.10 to manu­
facture a truss of the same performance specifications that a 
home manufacturer manufactures for about $4.20. 
the high degree of efficiency in production is a result of high 
sophistication in management. For example, a financial analysis 
of a sample of 24 major mobile home manufacturers, merchant 
builders, and prefabbers, all publicly held, showed that the 
average profit margins were 3.1% in the mobile home group, 2.3% 
for merchant builders, and 1.6% for prefabbers. The mobile home 
manufacturers turned their assets into sales nearly four times, 
which compared with average asset turnover ratios of about 1 for 
the prefabbers and of below 1 for the merchant builders. The 
average turnover of inventories was 10 times for the mobile home 
manufacturers, 4 times for prefabbers, and 2 times for merchant 
builders. Accordingly, the mobile home manufacturers earned an 
average of about 15% on their capital; merchant builders and 
prefabbers less than 41.
PROBLEMS AND CONSTRAINTS FACING THE MOBILE HOME INDUSTRY 
The present performance of the industry, while in absolute terms 
impressive, appears to reflect only a fraction of the industry's 
potential if one considers the problems which presently inhibit 
the growth and development of the industry. In the following, 
only some of the major problems are mentioned. But even from 
such a limited listing it should be evident that the mobile 
industry has a substantial potential for improving its performance.
1. Mobile home taxation is obsolete. The major problem is the 
unsettled status of an object that is not clearly permanent or 
transient. An amazing range of different taxes and fees has been 
imposed upon mobile homes. The mobile home may be taxed as 
realty, together with the land, or separately as personalty.
Yet, it may be exempt from property taxation by payment of an
in lieu excise, ownership, or privilege tax, or by purchase of 
a vehicular license. Nearly every state has statutes with dif­
ferent provisions. In most states different methods are applied 
for units on rented park spaces, for units on owned park spaces, 
and for units outside of parks. Mobile home park taxation is 
equally chaotic. Since most states tax mobile homes differently 
from other types of housing, the owners of permanent dwelling 
unit® suspect that the mobile home owner is not paying his "fair 
share" of the local government budget. The "fair share" argument 
reinforces anti-mobile home prejudice to make mobile home regula­
tion discriminatory.
2. Mobile home regulation is in need of overhaul; the regulatory 
and legal framework is outmoded and inadequate. Local mobile 
home policy is a direct function of local public attitudes.
Vested interests push for exclusionary or repressive ordinances. 
Zoning is perhaps the most critical problem. The resulting 
slow rate of new park development freezes the replaceawnt rate.
The urgent physical upgrading of the sK>bile home inventory is 
retarded. In 1969, only an estismted 118,000 new park sites 
became available, as compared with an output of sx>re 400,000
mobile homes. About sixty percent of "safe" sales of mobile 
homes are lost, because of lack of park space, and also because 
most statutes and ordinances confine aobile haems to licensed 
parks. This latter constraint limits the potential market for 
the low-cost product to those market segments which are prepared 
to accept the particular sociological characteristics of aobile 
home parks.
3. The industry is still too unstructured. The relatively high 
concentration ratio, taken by itself, would define the market 
structure as oligopolistic. But the regional marketing focus 
combines with lack of product differentiation and of barriers to 
entry to make competition among the manufacturers of mobile homes 
as keen as among prefabbers and merchant builders. The high 
turnover of firms testifies to this. In 1969, an estimated 110 
new manufacturers entered the industry.
4. The responsiveness of the supply sector to the specific needs 
of the mobile home industry is low. Product development policies 
of the supply sector are still largely determined by the needs
of the on-site residential building industry. There is a need 
for improved communication and coordination, in particular there 
is a critical need for modular and dimensional coordination and 
for standardization.
5. The R a D intensity in the industry is very low. In general, 
there is evidence that higher concentration is associated with 
greater research intensity. Also, technical entry barriers, 
that is, scale economy barriers and absolute cost barriers, to 
some moderate degree, are associated with the highest levels of 
industrial research. One might conclude that more concentration 
and higher technical entry barriers are necessary to stimulate
R * D intensity.
6. Many firms are undercapitalized. The long and intermediate 
term financing of manufacturing constitutes a problem. Until 
recently the equity capital in the industry was largely retained 
earnings. During the past few years, a number of the large firms 
have sold securities, mainly common stock to the public. Current 
financing of manufacturing is less a problem because producers 
generally sell to dealers for cash.
7. Seasonality is a major problem. Because of financing diffi­
culties and shortage of space, production for inventory is a 
rare exception in the industry. In fact, the residential con­
struction industry as a whole appears to have greater relative 
seasonal regularity than does mobile home production. Achieving 
greater seasonal regularity is a prime prerequisite for stimulat­
ing innovation in the industry.
8. Presently, common plant sizes are too small for achieving 
noteworthy scale economies. The production breakdown for 1967 
indicated that about 90% of all plants produced between one and 
1,500 units per year. An increase in annual plant capacity from
1,000 to 5,000 units reduces average unit costs by only four to 
five percent. The writer's work to date indicates the existence 
of substantial scale economies in mobile home manufacturing,
with minimum optimal plant size (fully efficient scale of operation) 
probably on the order of 60,000 to 80,000 units per year. Unit 
costs for fully efficient operation appear to be about $3.00 per 
square foot.
9. Modular developmnts may confront the industry with problems 
which so far have been circumvented with the vehicular definition. 
The Building Officials Conference of Asorica and the Southern 
Building Code Congress have adopted the industry's production 
standards. The electrical section is contained in the National 
Electrical Code. Many states have already incorporated Code 
A119.1 into their laws, or have such legislation pending. But, 
the industry has not yet succeeded in having its standards 
accepted for modular construction— and this may turn out to be 
decisive for the future development of the industry. On another 
level, with the advent of modules for fixed-site housing, the 
industry faces conflicts with building trade unions.
10. The major marketing problem of the industry is that each year 
a substantial number of households leave mobile home living. 
Additions to the aobile home supply can only be generated if net 
increases in mobile home population can be achieved. To meet 
this challenge, the industry must try (1) to decrease the rate
at which households leave, which can only be achieved by making
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mobile Home living more attractive, and (2) to increase the number 
of newly entering households, which means eliminating the causes 
of negative attitudes toward mobile home living and establishing 
a legitimate housing-oriented product image. Most advertising, 
however, extolls the pleasures of mobile home life instead of 
addressing the real, the traditional housing market.
11. The distribution system retards industry growth, and is in­
adequate for the move into modular developments. There are close 
to 8,000 mobile home dealers. Dealerships are local, independent 
and relatively small, often inadequately financed, and with little 
selling experience. Mark-ups are very high, ranging from 20%
to 40%.
12. The high cost of retail financing tends to absorb the pro- • 
duction economies. Most mobiles are financed with 5-10 year 
chattel mortgages at about 7-7.5% add-on interest, meaning that 
simple interest figures between 11-14%. One solution is to 
finance mobile homes like traditional homes. The FHA is begin­
ning to insure loans on mobile homes in an amount not exceeding 
$10,000 up to a maximum of twelve years, at an interest rate of 
8-1/2%. But progress is very slow.
These problems clearly hint at a substantial potential for in­
creasing industry efficiency. How can this potential be identi­
fied and exploited?
TOWARDS A POLICY FOR DEVELOPING THE MOBILE HOME INDUSTRY 
There is no easy panacea. No grand strategy can solve this prob­
lem. It appears necessary to decompose the problem, to examine 
each phase and function of the production and delivery process 
one at a time. The mobile home production and delivery process 
consists basically of four process phases— the planning phase, 
the production phase, the distribution phase, and the service 
phase. In analyzing one phase at a time it is fairly easy to 
identify potential measures for improving performance. But the 
repercussions of such isolated measures on other phases, or 
sectors, may offset improvements or economies gained; or they 
may make such measures politically infeasible. The determination 
of the ultimate effect first requires a thorough understanding 
of all factors which can influence the final effect and the 
political feasibility of implementing the individual measures.
It might be of interest to briefly summarize the methodology 
underlying the project which the author is presently conducting. 
There are ten major tasks (see Exhibit "Work Plan Flow Chart1*) .
The first task is a comprehensive industrial organisation analysis 
including a detailed analysis of the industry's socio-economic- 
political environment. The second task is to identify, from the 
above analysis, those emerging trends which, in combination, will 
shape the future of the mobile home industry. The third task 
is an exploratory forecasting of the future situation in the 
absence of deliberate change in the industry or its environ­
ment, the exploratory industry model. The fourth task is to 
determine how, to what extent, end at what rate the performance 
of each phase of the production and delivery process of the 
industry can be improved. The result is a catalogue of individ­
ual measures which would result in performance improvesmnts.
The identification and analysis of essential ingredients of the 
industry and its environment is the fifth task, concentrating 
on those factors in the industry and the environment which re­
sist or are conducive to change. Sensitivity testing, task six, 
determines the potential improvement in industry performance 
for each proposed measure, on the assumption that it were fully 
implemented. The result is the ranking of measures in terms of 
improving performance. Compatibility testing, task seven, 
attempts a synthesis of individual measures. Feasibility test­
ing, task eight, determines the effects on the proposed measures 
of obstacles and incentives to change. Testing of political 
feasibility is given primary emphasis. Based on the findings 
of the previous steps, task nine is to define the most desirable, 
attainable future model, and the most desirable, attainable
future role for the industry within the total housing production 
and delivery system. Task ten, finally, is to develop a course 
of action for the mobile home industry to move, with governmental 
assistance, toward the optimum feasible model developed above.
The testing and determination of political feasibility is obvi­
ously a crucial task, because the end product of the project is 
intended to be a vital plan for the mobile home industry to 
participate in solving the urban housing problem. As a primary 
means of ensuring that the result is workable we attempt to 
achieve participation of appropriate Federal, state, and local 
agencies; representative mobile home manufacturers, dealers, 
and mobile home park operators; and industry associations.
For example, arrangements have been or are being made whereby 
Federal and state agencies delegate staff personnel to join our 
principal project staff. This participation by the principal 
actors in the industry and its environment not only brings to 
the project indispensable expertise and a variety of perspectives, 
but this access to representative agencies or associations, 
through staff exchange or close working cooperation, is especially 
crucial for the continuous testing of political feasibility. 
Equally important, because these actors will have been involved 
in the development of the proposed course of action, it is anti­
cipated that there will follow a commitment to its implementation, 
enhancing the likelihood that the resulting strategy will be 
adopted.
The progress made thus far by Project Mobile Home Industry 
clearly indicates that the approach and methodology discussed 
above holds substantial promise. While the scope of this paper 
does not permit a report on preliminary findings in any detail, 
two tentative conclusions of the work thus far deserve mention:
1. An annual output by the mobile home industry of 
about one million relocatable homes and modules 
by 1975 appears possible if not probable.
2. The mobile home industry has the potential to 
develop as a resource capable of continuous high- 
volume production of high-quality, low-cost urban 
housing.
More significant, our analyses of potentials and of emerging 
trends in product development, in mobile home park development, 
in intra- and inter-industry mergers and acquisitions and in the 
areas of financing, taxation and public regulation, leads to the 
following tentative policy recon—  n J at ion;
The mobile hcae industry develops, should conceive 
of itself, and should be treated by private and public 
policy as an integral part of the total shelter- 
producing industry. It would be unrealistic and 
it would neither be in the interest of the industry 
nor in the public interest to continue treating the 
mobile borne industry as an "outside* industry, not 
yet authentically recognised as a legitimate and 
potent producer of housing.
Attempting to tap the vast urban housing market, the industry 
may have to sacrifice some of the advantages it derived so far 
from the vehicular classification of its product. For the future 
growth of the industry, it will be decisive to what degree the 
industry will succeed in reinforcing its capability of deliver­
ing low-cost housing. If the industry can maintain this compe­
titive edge, its further growth seems certain. To achieve this, 
the industry must place more emphasis on oomsistent long-range 
planning and, in particular, give more support to longer range 
planning activities of their association. However, the industry 
does require the support of the government. Many of the growth 
impeding obstacles, far example, are a result of public policy 
and can only be eliminated or alleviated by public action.
M
Failure at the Federal, state, and local levels to adjust public 
policy, to take into account these trends will probably not slow 
the industry's growth, yet it will not stimulate its development 
either. The proposed alternative for public policy is to stimu­
late an optimal development of the industry. Public policy, as 
a mere example, could help the industry in overcoming restric­
tive zoning practices and thus help create sufficient high-quality 
park space supply, which in turn would increase the annual indus­
try output by at least thirty to forty percent. Public policies 
could encourage location of mobile homes in residential districts, 
for example, double wides with traditional house appearance, 
which would yield a further increase in output of at least 20% 
per year. This possible expanded output could be used to guarantee 
the industry year-round, full capacity operation. Shielded 
from seasonal fluctuation, the industry would be able to invest 
into R & D activities. Gradual improvement of the product, 
especially in terms of design, could be insured and the industry 
could be expected to produce functionally and architecturally 
acceptable modules with potential for urban housing. It would 
be a step towards the creation of a growth industry capable of 
continuously producing acceptable low-cost housing.
With respect to improving the cost performance of the industry, 
it is necessary to turn to some broader implications.
The mobile home industry can only achieve a substantial cost 
breakthrough, e.g., significant economies of scale, by synchro­
nization with the building materials and products sector and the 
broader institutional system which, however, are geared to the 
building industry. Policies focusing solely on developing the 
mobile home industry, however successful, cannot increase the 
economic and political force of the industry to the degree neces­
sary to compete with the building industry in controlling the 
important supporting sectors. But if the mobile home industry 
were recognized as an integral part of the entire housing sector, 
then its innovative characteristics can influence any program or 
policy relating to the entire sector. Through this tactic the 
mobile home industry could act as a nucleus of innovation. The 
mobile home industry as an outside competitor would force the 
traditional sector to utilize its superior political and economic 
power to prevent the supplying and institutional sectors from 
supporting the rival industry. Yet, as an accepted integral 
component the "a-typical" mobile home industry would be valuable 
in pointing to deficiencies in the existing structure, thus 
forcing critical re-examination of traditional concepts and the 
traditional framework and ultimately stimulating innovation in 
the larger shelter industry.
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SHELLY-MODULAR HOUSING SYSTEM
by
Luis E. Mora^
System design is a response to new technology of problem 
solving. Basically it comprises new ways of solving complex 
problems by dividing them into simpler systems, more in num­
ber, but simpler. With the advent of the computer systematic 
solution of complex problems has led us to thinking in terms 
of systems and sub-systems, equivalent to the mathematical 
solution of problems by organizing them into sets and sub-sets. 
Prefabrication has been the construction industries' way of 
systematic solution of their problems.
Prefabrication has been the basis of today’s housing sys­
tems , as such it can be considered a child of the industrial 
revolution. Mainly developed in highly industrialized coun­
tries in Europe and the U.S.A., prefabrication, is and will 
be the key to the solution of most housing problems. It is 
by all agreed that this child has not come of age yet, its 
growth has been hampered by many events; mainly lack of 
attention.
In 1920-1945 period there was considerable attention fo­
cused in Prefabrication Industry because of the great need 
for housing that came after the Second World War. After 1960 
another big boost was given to this industry, this time be­
cause of the high cost of housing. All efforts were focused 
in the use of new materials: mainly, aluminum and plastics.
There has been a new sociological development which has 
been the mobile home. This has opened our eyes to the space 
component idea, which is the basis of most housing systems on 
the news.
Prefabrication can be divided into two basic methods, 
these are:
A. The structural component: considered as the erector's 
set arrangement which may consist of wall blocks or wall pan­
els. Considering variable thickness of members, this system 
has no limitation as to height. A box that is formed with 
Structural Components loses the advantage of rigidity at the 
corners.
B. The space component: which refers to boxes or units 
(often called modules), normally the height is limited to the 
capacity of the walls, if they are to be of standard dimen­
sions. Because of their self-rigidity, one of their main 
disadvantages is their sensitivity to differential movements.
Most of new systems are a combination of A S B (struc­
tural components filled by space components).
The most classical and widely known example of a housing 
system using concrete boxes is the one designed by Architect 
Moshe Sofdie for Expo 67 at Montreal, Canada. Habitat 67, as 
the system was called, proved that the principle of repetition 
does not necessarily lead to the solution of the ideal hous- 
ing system. This very primative concept, as an architect 
might consider it lacks totality. 1
We, as children used to play with wooden blocks. We 
could build very high structures without collapsing the lower 
blocks. Those elements at the base will be carrying very small 
loads as compared to their structural capacity. Obviously 
this is considering the structure to be stable. But a box 
is not a strong as a wooden block. Their utilization is lim­
ited by their strength.
Each box wall will have to be different at each differ­
ent level. The maximum utilization as to capacity of the wall 
is obtained when at any point in the wall, the maximum allow­
able strength is reached.
The principal mistake of the Habitat project was that 
the architect approached the problem completely neglecting 
most of the structural problems. It seems that, at that point, 
for that project, the structural issue was not considered 
very important.
Any housing system must be developed through the coor­
dinated efforts of the architect, the structural designer and 
the construction engineer. They must all be integrated in 
the method of construction.
I have been through the experience of contributing in 
the developing of a housing system and the results have been 
the following: most manufacturing techniques, used in sys­
tems, have to operate on a give and take basis. The struc­
tural designer and the architect must yield to the manufac­
turing techniques without jeopardizing the safety or the es­
thetics of the structure.
The greatest contribution of Habitat was that the enthu­
siasm generated by the system produced similar ideas in other 
people's minds, most of which were very good and some very 
productive. One of them was the Shelly System.
Although the Shelly System does not offer technological 
ideas that are particularly exciting, it displays what is 
possible to do under existing technology*. It has achieved 
an optimized architectural, structural and construction 
integration.
The Shelly System is a unique method for building rein­
forced concrete structures utilizing precast box-like modules 
stacked in a checkerboard pattern. This system differs from 
other box construction methods in, that a usable space is 
created without the cost of double walls and double floors.
The boxes consist of a ribbed roof slab and side walls 
that are cast with a special steel sold and a floor slab pro­
ducing an integral unit. The interior partition walls carry 
the weight of the floor slab to the roof beams as hangers.
The roof beams convey the applied loads to the exterior col­
umns of the box.
The monolithically cast box provides a very rigid struc­
ture able to resist bending moments and torsional moments 
*Time, March 9, 19761. University of Puerto Rico at Mayaguez
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which can be a very valuable asset against earthquake and 
hurricane wind forces. Handling and erection stresses are 
adequately resisted by the two rigid frames at the open ends 
of the box.
Load-bearing columns are an integral part of the box-like 
modules and when the boxes are stacked in the characteristic 
checkerboard pattern these columns match vertically thus 
carrying all gravity loads to the foundations without any 
appreciable eccentricity.
When wind stresses are of a considerable nature, as in 
high buildings, post-tensioning tendons are placed in verti­
cal ducts running through the center of the end columns and 
are anchored to the foundation. The tensioning operation of 
the post-tensioning tendons is performed at the top of the 
boxes at the required level. Afterwards, the ducts are pres­
sure-grouted to protect the tensioning rod. This post ten­
sioning, provided mainly to resist lateral forces, also trans­
forms the cluster of individual boxes into an integral struc­
tural unit.
In small buildings where wind stresses are not of prime 
consideration, steel dowels will protrude from the lower box 
and will be grouted into the upper box. Similar dowels may 
be used in the central columns for higher structures. Such 
dowels can be designed to transmit gravity loads as well as 
to take shearing forces.
Elastomeric bearing pads are placed at the contact sur­
faces of the columns between adjacent box-like modules to 
cushion the high bearing stresses generated at these points. 
These elastomeric bearing pads tend to decrease edge pressure 
due to manufacturing tolerances and contribute to the struc­
tures' high energy absorbing capacity.
The elastomeric bearing pads located between the box­
like modules combined with the post-tensioning system render 
the structure insensitive to small differential settlement.
The dead load of the Shelly System is very much lower than 
conventionally built structures because of its thin wall sec­
tion. The decrease in dead load is approximately 2S% where 
regular weight concrete is used and approximately t0% with 
the use of light-weight concrete. This advantage allows the 
system to be feasible where marginal soil conditions exist.
The thin concrete section at the box walls results in 
reduced dead load and consequently small seismic loads.
Being originated in an island where earthquakes and hur­
ricanes are of coauson occurrence the Shelly System has been 
designed to resist the highest lateral loads. The almost to­
tal elimination of welded, bolted, or any other conventional 
connection and a minimum amount of "in-place-grouting" make 
the Shelly System structure less expensive to build. In addi­
tion the System provides complete fire and corrosion resistance, 
with minimum maintenance costs.
The combined effects of short span modules and their 
staggered position as well as their flexible joints localize
movements due to temperature changes and differential settle­
ment, thus reducing cracking and permitting the erection of 
long buildings without construction joints.
Due to their inherent stability, the box-like modules do 
not require temporary bracing, guys or shoring during the 
production, transportation and erectional operations. Only 
in case of a sudden hurricane precautions should be taken and 
this will consist of providing temporary stressing of the post- 
tensioning rods as required.
The precast concrete boxes can be produced in a portable 
or fixed plant. The boxes are cast in specially designed, 
mechanically operated steel molds which were built to very 
strict specifications with respect to tolerances on produc­
tion of the monolithic box.
Once poured in place proper vibration of the concrete is 
achieved by external high frequency vibrators attached to the 
steel molds. A rail traveling portal crane is used for the 
fabrication and handling of the precast boxes which weigh ap­
proximately 36 tons.
Concrete strength, used in the boxes, varies between
3,000 and 5,000 psi at 28 days depending on structural re­
quirements. Regular weight aggregate concrete-- or cellular 
concrete, may be used for the structure. Heat curing of the 
concrete allows for early removal from the forms and provides 
the necessary strength for early transportation to the finish­
ing area normally located in the adjacent grounds to the cast­
ing yard. Here finishing work is completed including paint­
ing, installation of doors and windows, fixtures and electri­
cal and mechanical installations. Connections are provided 
for the final electrical and mechanical integration of the 
structure which is done through the pipe chase. Quality con­
trol of workmanship and materials is simple because of this 
industrialized production system.
The Shelly System provides great architectural diversity 
and flexibility. Buildings may vary from one to over twenty 
stories even in the same building as would be the case in a 
pyramid-like structure. The facades may also be greatly var­
ied by using longer modules which could cantiliver out from 
the buildings, or by stacking the boxes at an angle with the 
axis of the building or by alternating boxes of different 
widths, thus creating very pleasing irregular patterns.
All this can be achieved with the basic standard modules 
without extensive or costly alterations.
The facilities for horizontal and verticaj. transporta­
tion, garbage disposal system and other public facilities can 
be combined with the basic Shelly System box. For horizontal 
transportation, cantiliver corridors are provided along the 
building. Elevator shafts which are completely prefabricated 
including guard rails, are set up adjoining and connecting 
with the corridors. The elevator machinery rooms may be com­
pletely prefabricated and equipped at the ground floor and 
then hoisted into place. Such erection of elevator facilities 
will eliminate the costly delays usually experienced of
elevator facilities in high-rise construction. The garbage 
disposal system may also be incorporated as a part of the 
prefabricated elevator shaft. Stairways are also prefabri­
cated and connect directly to the cantilevered corridors.
Another important housing type for which the Shelly Sys­
tem may be used is the temporary and mobile home needed espe­
cially for relocated persons. In this case factory finished
concrete modules may be transported by trailers to the site. 
They will provide an inexpensive fire-proof, hurricane proof, 
vandal-resistant temporary home in a very short period of 
construction time. These units can be moved and restacked at 
another site for another use or may be made into permanent 
dormitories or homes for the elderly.
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INTRODUCTION
"SHELTRON" ,
A CONSTRUCTION SYSTEM TOR UK-COST HOUSING 
*T
Rodolfo J. Aguilar*
All building construction Bust, during Its life span, provide
adequate:
1. Safety through its structural strength and stability.
2. Protection from corrosion, decay, insects, and other 
destructive agents.
3. Resistance to weather, selsalc forces and fire.
4. Durability and economy of maintenance.
5. Quality workmanship.
6. Architectural aesthetics.
7. Competitive initial cost.
These seven objectives are fundamental goals to all useful construction 
methods.
SHELTRON is a controlled gas-entrained concrete construction 
system that fulfills the objectives given above and that makes possible 
a limitless variety of economical monolothlc structures. It opens new 
vistas to the creative designer, architect, engineer, land planner, 
builder, contractor, and developer, as it combines beauty, economy, and 
rapidity.
DESCRIPTION
The SHELTRON system of construction has been developed through 
several years of experience in the building industry. A mixture of sand, 
Portland cement, water and special chemicals* 1 is sprayed at a very low 
pressure on a skeleton of steel reinforcing bars covered with mesh or 
SMtal lath. The process is so engineered that no formwork is required 
during the construction stages. This results in a structure that can be 
built at low cost, simultaneously allowing total freedom to the designer's 
imagination in creating the architectural concept.
The chemicals added to the mix In the SHELTRON system produce 
microscopic gas bubbles in the matrix of the material. These gas 
bubbles have the effect of a ball bearing action which reduces internal 
friction lnthe mix, allowing it to flow freely at low pressures; this 
material is sprayed in layers on the skeletal steel frame. The first 
layer, called the freeze coat, Is applied to wet the lath from the inside 
without attempting to close all of its pores. A second coat Is applied 
from the outside in successive layers to cover the steel reinforcement 
to any specified thickness. This Is called' the build-up coat.
The third coat Is applied from the inside again, in successive 
layers until the desired thickness Is obtained.
The final outside layer Is made extra dense in order to 
Improve the resistance to moisture penetration. The final inside layer 
Is given any desired finish and It can serve to improve the material's 
accoustlcal properties.
Good adhesion of the mix eliminates special surface preparation, 
rebound, and fall-off. All roof areas are covered with a coating that 
produces a long-lasting, bondable roof. The entire construction process 
can be carried out with readily-trained personnel, and does not require
*Pr©feasor of Civil Engineering, Louisiana State University, Baton 
Rouge, Louisiana
1 Vlnfoam chemicals and an accelerator manufactured by the VIN-LOX 
Corporation are added to the mix.
the services of highly-skilled technicians; the spraying is done using 
standard concrete and plaster mixing and pumping equipment.
No wetting down of SHELTRON is required as it sets in fifteen 
to thirty minutes. It is resistant to rain damage thirty minutes after 
spraying. Because of its controlled volume expansion, and fast setting, 
shrinkage cracks are virtually eliminated.
MATERIAL PROPERTIES
SHELTRON is a lightweight concrete, made lighter than normal 
concrete by the introduction of gas bubbles into the plastic cement 
mix, producing a material with a cellular structure. The gas or foam 
bubbles are generated by a chemical reaction which takes place within 
the fresh mortar mass. When the mix sets, it contains a large number 
of such bubbles; the larger this number, the smaller the weight and the 
strength of the mix.
After setting, SHELTRON has a stable structure where the three 
phases, gas, liquid, and solid, coexist in permanent equilibrium. Its 
solid phase is composed of cement, sand, and Vlnfoam chemicals.
Under the action of the foaming agents, SHELTRON undergoes 
an increase in volume which approximately amounts to 50Z of the wet 
bulking of the sand volume used in the mix.
SHELTRON is classified as Structural and Non-Structural.
Structural SHELTRON has more than 2000p.s.i., 28-day strength, measured 
on a standard cylinder. Its density varies usually between 95 and 120 p.c.f. 
Non-Structural SHELTRON has less than 2000p.s.i. strength, it is used 
for non-load bearing walls, insulation, and the like, and its density 
varies usually between 30 to 90 p.c.f.
STANDARD STRUCTURAL MIX AND MATERIALS
SHELTRON is tailored to suit specific climatic conditions 
engineering requirements. The basic standard mix for the structual 
consists of:
Cement 8 bags
Sand 20 c.f.
Vlnfoam 32 llq. os.
Accelerator 32 llq. os.
Hater 40 gallons
and
type
This mix yields one cubic yard of SHELTRON, with a density 
of 120 p.c.f. and a 28-day compressive strength of more’than 3000 p.s.l.
Cement used to manufacture SHELTRON Is of the Portland type 
and has to comply with the A.S.T.M. specification.
The fine aggregate la usually silica sand, graded between 
40-60 meshes and complying with the standard requisites of being clean, 
free from organic and deleterious substances and sound.
The water Is clean, potable and In such a proportion as to 
produce a pi w p able mix for placing the material through a low pressure 
plaster gun, and to comply also with the requisites of density and strength 
without segregation of materials or water. The Vlnfoam chemicals and
M
FIREPROOFING AND FREEZING-THAWING CYCLESaccelerato r are added to the mix as manufactured by the VIN-LOX Corporation. 
They are composed o f selected res in s and surface active agents fo r  the 
purpose o f  s t a b il iz in g  the chemical reaction and control the density  
o f the concrete produced.
DENSITY. STRENGTH. AND REDUCTION IN WEIGHT
The density and strength of SHELTRON are controlled by proper 
• lx  design to meet the technical requirements w ith in  spec ified  lim its .
SHELTRON can be manufactured with a density as low as 30 p .c . f .  and as 
high as 120 p .c . f .  For a 30 p .c . f .  m ateria l, the minimum strength at 
28 days i s  300 p . s . i .  For a 120 p . c . f .  mix, the minimum strength is  
3000 p . s . i .  at the same age, without any spec ia l type o f curing in both cases.
Figure No. 1 shows the re la t io n  between density and minimum 
strength. The m ateria l is  manufactured at the Job s ite  with carefu l 
control o f  batching and mixing operations, to assure the qua lity  required 
to meet the sp ec ific  conditions o f  each job .
MODULUS OF ELASTICITY AND ALLOWABLE STRESSES
The Modulus o f E la s t ic ity  o f SHELTRON is  a function o f its  
density. For mixes between 50 and 120 p .c . f .  density the longitudinal 
e la s t ic  modulus varies between 250,000 p . s . i .  and 750,000 p . s . i .  Figure 
No. 2 g ives the re la tio n  of strength to modulus o f e la s t ic ity . Allowable  
stresses for the design of rein forced concrete structures in SHELTRON 
are in accordance with the A .C .I . Standard Building Code Requirements fo r  
Reinforced Concrete. However, i t  is  pertinent to point out that the ra t io  
of ten s ile  to compressive strength of c e llu la r  concrete i s  from 2 to 3 
times higher than fo r  normal concretes.
SHRINKAGE. THERMAL AND ACOUSTICAL PROPERTIES
Drying shrinkage of SHELTRON specimens prepared and tested in  
accordance with A.S.T.M . method C-157 modified as indicated in  F.H.A. 
M603-2.2, gives values w e ll below the established lim it o f 0.07.
Shrinkage is affected by many factors, the most Important ones 
are the volume of cement and the volume of aggregates. In ordinary 
concretes, shrinkage is greater the larger the cement content and the 
smaller the volume of aggregates. In the case of SHELTRON, its expansion 
while plastic compensates in excess the plastic shrinkage, its quick 
setting property end low modulus of elasticity endow the concrete with 
enough early strength and large strains ss to avoid noticeable cracking 
due to shrinkage.
The thermal properties: conductivity, dlffusivlty, specific 
heat and coefficient of expansion and contraction, have a definite 
bearing on dissipation and retention of heat, moisture condensstlon and 
changes in stresses and strains.
For normal concretes, common vslues of thermal conductivity vary 
from 0.5 to more than 1.0. SHELTRON of 100 p.c.f. density has an average 
thermal conductivity of less than 0.3 and for density of 120 p.c.f.,
SHELTRON's average value is less than 0.4. Figure No. 3 depicts the 
relation between density and thermal conductivity.
Concerning sound absorption and transmission, structural
SHELTRON can withstand 2000 degrees F fo r a period o f 30 
minutes, which resu lts  in f ire p ro o f construction , p a rt ic u la r ly  since 
window and door frames can be b u il t  with SHELTRON without the use of any 
sp ec ia l form.
F in a lly , having a c e l lu la r  structu re , SHELTRON acts as an 
excellent a ir -en tra in in g  concrete and can be used in co ld  climates d i r ­
ectly  exposed to frees in g  and thawing. Although c e l lu la r  concrete can 
absorb water, the rate o f penetration is  low as the la rg e r  pores w i l l  
not be f i l l e d  by suction . For th is reason, SHELTRON has good resistance  
to f ro s t ,  and can be used to advantage in the construction of exposed 
bu ild ing  w a lls  in cold  clim ates.
ECONOMY
SHELTRON ingredients are found in almost a l l  countries and 
are usually  inexpensive. It  has a l l  the la s t in g  q u a lit ie s  of stone 
Irrespective  o f c lim ate. The complete elim ination o f formwork makes 
i t  adaptable to any shape and i t  can be furnished in d if fe re n t  tex­
tures and co lo rs to sa t is fty  demanding aesthetic  requirements.
SHELTRON permits a departure from the lim itations o f cum­
bersome and costly  s t ra ig h t - lin e  design. In i t s  p lace , new and daring  
concepts can become a re a lit y . Technological developments in concrete 
sh e ll engineering coupled with the SHELTRON construction system can 
free the designer from the many restra in ts  inherent in  construction with  
small scale bu ild ing  m aterials which properly belong to 19th Century 
technology.
SHELTRON i s  adaptable to economical construction o f single  
and m ultip le  family dw ellings, and o f commercial, in d u s tr ia l, and 
in s t itu t io n a l b u ild in g s . The f le x i b i l i t y  o f the m ateria l makes i t  a lso  
id ea l fo r the design and construction of exh ib ition  pav ilio n s , and park 
and amusement structu res .
SHELTRON has many outstanding ch arac te ristics  which make i t  
a strong candidate fo r  extensive use in the design and construction o f 
standard and modular (p re -fa b r ic a ted ) low -cost housing units.
REFERENCES
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SHELTRON combines lightness, porosity and low stiffness to provide 
effective sound control.
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CLUSTER DEVELOPMENT AND SITE ENGINEERING
By
Hay J. Peters*
It is necessary to qualify any direction of renarks relative to the 
subject of "Lew Cost Housing." What is "Lew Cost Housing!" Is it 
lesser in cost than "High Cost Housing?" Should we not then tern 
it "Lesser Cost Housing?"
The intention is not to be facetious. Site requirements for "Lesser 
Cost Housing" are, in many cases, identical to those for "Higher 
Cost Housing." (Except for certain differences which will be pointed 
out later in this dissertation.) In any case, efforts aimed at the 
reduction of construction costs for site preparation are very similar, 
whatever the range of housing.
Our firm's experience with site work for housing has been centered 
primarily in California. In California, as in other parts of the world, 
the initial settlement of immigrants occurred in the valleys . The hills 
were somewhat less workable for settling, and were used primarily for 
grazing of stock. Towns and cities grew up at road intersections, or 
adjacent to harbors and rivers, where transportation was most readily 
available.
The valleys were (and are) the prime agricultural areas. It then 
followed that the settlement of the valleys devoured much of the best 
farm land. One of our continuing problems in housing today is the 
question of accomodation of the increasing population without wanton 
destruction of the farmlands; and accomodation in the places where 
the people want to live.
There is an answer-but it's a dirty word. The word is "Density."
One hesitates to use it in Planning Circles today, but it must be used 
at every meeting. The word was acceptable when it meant "undense." 
Ncwadays, it wans "more dense", and has gone down in favor.
What does density mean? Isn't density another "relative" word, 
like "Lew Cost Housing?" Anyway, how dense is dense?
To define density, a comparison is necessary. Think of one of 
the world's beautiful places, like Switzerland. This is an idyllic 
country that we travel to (from California, among other places) to 
take pictures. What about density in Switzerland? It's about the 
most dense place in the world. If the mountains and the lakes are 
disallowed (because it is not possible to live there) Switzerland is 
left with a concentration of one person per 8 ,snn square feet. That's 
about the size of an average California lot.
In California, on the other hand, we get a great hue and cry 
about density. In this lovely place, if we take away the mountains 
and the water land areas (we'll assume that people can live in the 
deserts), the density of the remainder is one person per 110.000 
square feet. Californians get thirteen lots each. When does density 
get too dense?
One must, of course, be rational about density. California can 
hold a lot more people. However, we cannot simply spread them 
across the landscape like butter on a piece of bread. Va must control 
the density. Fortunately for us, the answer to the control 
of density is identical to the answer of the question relative to
the reduction of the cost of housing construction.
To see the answer, we must look at extremes. (The engineer 
always thinks in extremes first-then crawls his way back to reality.) 
Picture any of the world's large cities; your own home town, perhaps. 
Now imagine that all of the man-made structures in that City-all 
of the houses, the shops, the industrial plants, and the offices 
were consolidated into a single, large high-rise building. (A 
Superbuilding'.) The Superbuilding is surrounded by farms, lakes, 
parks, and flowing streams. This is the ultimate in the ecologists' 
dream. It would be possible to completely control pollution.
The automobiles would not be there to breathe their noxious gases 
on the way to work in the morning. Garbage collection would be 
served by a chute-directly into a controlled furnace. Preposterous? 
Maybe. But don't forget, we've been heading in that direction 
ever since we crawled out of the caves.
Now, to the other extreme. Men have always dreamed of owning 
their very own Manor Houses on the big green Estates. To most of us, 
that has become an impossible dream. He simply can't afford the "Higher 
Cost Housing." So, we compromise; we settle for a small Manor 
House on a small green estate-probably the 8,500 square foot lot 
Mentioned earlier. He have our estates, but they're "Miniature 
Estates." The "Miniature Estates" retain most of the attributes 
of the original dream, but on a much smaller scale. He've hung 
onto the sideyards, the setbacks, and the frontage on the approved 
street. But now a fly falls into the ointment. He're running out 
of bread to butter. The available, conveniently located space is 
decreasing; furthermore, the cost of constructing millions of the 
"Miniature Estates" has become prohibitive.
The answer is the next step in the housing evolutionary process 
(from case to Superbulldlng); "Cluster Housing." With Clusters, 
many of our housing problems are alleviated. Density is Increased, 
lessening the ecology and land cost problems. Hith a higher density 
located closer to the working center of the coenunity, the pollution 
and transportation problems are decreased. By pooling the setbacks 
and sideyards we would have had with the "Mlnaiture Estates", we've 
Increased open space and recreational area. And, most significantly, 
by bunching the living units more closely together, we've reduced 
one of the biggest problems; Cost of construction.
There are dirty words in Planning Sessions today, such as 
"Density." Another dirty term is "Urban Sprawl." (Each side in 
a housing debate will use it against the other; and the first to 
use it is the "good guy.”) "Urban Sprawl" is another term definable 
only by degree. Semantically, any construction anywhere can be 
termed "Urban Sprawl." The only way we can completely eliminate 
"Urban Sprawl" is to completely eliminate new construction. Since 
we can't eliminate construction, our only hope is to contain it.
The decision la the choice of better containment: "Miniature 
Estates" or "Clusters".
Whether the argument be density, urban sprawl, or ecology, some­
body always gets blaamd. First the builders are blaamd, when they're
*Feters, A Verdugo, Inc., Surveyors-Englneers, Lafayette, California
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proposing construction. After the project Is built, the Planners 
are blamed for allowing it in the first place. Ia it the fault of 
the builders or of the planners that the people require housing?
The planning we insist on is doubtlessly the single most elnanificant 
factor in the cost of housing construction today, like it or not.
No one denies that planning is a necessity. However, let us not 
forget that planning must be served like wine - in moderation.
For our modern Cluster Developments, many jurisdictions have enacted 
a new ordinance, usually termed a "Planned Unit Development," or 
"PUD." The intention of the new rule is to allow flexibility of 
design within the development, and to discard many of the rules 
created through the years to regulate the "Miniature Estates."
Generally, the project is approved by the Planning Commission, 
subject to the condition of acceptability by the various Staffed 
Departments. (Engineering, Building, etc.) Staff members then 
proceed to take the project apart, brick by painstaking brick.
The concept of the single, overiding, original plan is disseminated 
in a sea of details. The rule book naturally applied is the book 
developed through the years which pertains to the old "Miniature 
Estates ." The developer wallows in a maze of "necessary 
requirements." The end result is that the rules for the PUD 
actually become more restrictive than the rules for the "Miniature 
Estates." The construction cost rises. What can be done?
Interestingly, California now has in effect a "Factory Built 
Housing Law.” Under the provisions of this new law, a structure (if 
prefabricated and approved by the State) may be erected in any 
community without regard for local building regulations . An 
enormous step in the right direction-insofar as the actual living- 
unit construction is concerned.
No regard has been given to the wealth of varying ordinances 
prevalent in California relative to Site Preparation. Conflicting 
ordinances exist in adjacent jurisdictions which considerably vary 
the construction costs of virtually identical sites. Each Community 
invariably considers the other to be wrong. (For example: in one 
City, concrete valley gutters are an absolute requirement at street 
intersections. In an adjacent City, such gutters are not allowed 
under any circumstances. It becomes evident that good engineering 
practice might dictate that such gutter might be a solution under 
certain circumstances; not under all circumstances, and never under 
no circumstance.)
It must be remembered that not all people drive Rolls-Royces; that 
a great many people drive Volkwagens. The Rolls-Royce may carry 
a perosn to his destination with more comfort, but the Volkswagen 
will get him there too, at a lower cost. We should not construct 
Volkswagen communities on Rolls-Rovce sites.
Local opposition to a Cluster project can be very dehabilitating.
It is not amaxing that residents in an area are generally in 
opposition. How many times has the statement been made: "The 
intention is to retain the single-family character of the 
neighborhood." Semantically, of course, the analogy is improper.
Clusters are single-family dwellings. The opposition is really 
stating that they are opposed to something that is dissimilar to 
their existing "Miniature Estates", and that anything dissimilar could 
tend to depreciate existing property values.
Now is evidenced the real root of the opposition: fear of loss of 
value, or money. The fear of the unknown (a Cluster, in this case) 
is the greatest fear of all. The opposition voices his fear in a 
variety of ways. (It is not intended that the fear of depreciation 
should be treated scornfully, or negligently. The fear is real, 
and should be accommodated; it is pointed out here that the proponent 
of a development may better understand the opposition's motives.)
The possibility of depreciating values is not, however, normally 
voiced at Public Hearings. The following reasons for opposition 
usually are:
1. Increased traffic problems.
2. School overloading.
3. Possible flood hazards.
4. "It was just a field (or a hill) when I bought my house, and I 
understood it would always be that way."
Oftentimes, these reasons are legitimate, and can be accomodated. 
(Except, perhaps, for the last.) Many times, they are merely 
smokescreens. The fellow is worried about his property value.
Experience has demonstrated that education can allay many of the 
fears of the.unknown. Preliminary, informal meetings with home- 
owner groups can serve to inform the existing residents that their 
fears may be invalid. It can be demonstrated that a Cluster will 
not depreciate existing property values; and that it may, in fact, 
enhance them. On occasion, previously hostile landowners have 
appeared at public hearings to speak in favor of a proposed project. 
Nothing warms the heart of a Planning Commissioner more than the 
endorsement of a neighbor.
Another approach to the reduction of the cost of housing construction 
mist lie in the very mechanics of the design processes themselves. 
Several years ago, our Firm decided that it wouldn't do to attempt 
to travel to the Moon in a propeller-driven airplane. We realized 
that a new ship must be especially constructed which embraced our 
newest advances in technology; which would provide a better vehicle 
at a lesser cost. Our first call for help went to Concap Computing 
Systems of Oakland, for whom we have acted as Consultants for 
several years. It was agreed that the approach to Site Engineering 
must be completely revamped. The basic steps were outlined as follows
1. A "Project Coordination Schedule" is prepared at the inception 
of the project.
2. A random survey traverse is placed on the ground, for use in 
obtaining all preliminary control, and stakeout.
3. Topography is obtained by aerial methods. Three-dimensional 
photography is quickly available for preliminary design.
4. The topography is plotted at a scale of 1""40', then enlarged 
(Photographically) to a scale of 1"»20'.
5. The topography is field checked for accuracy, and for addition 
of features not possible to amp from the air .
6. The boundary is reconciled. Traverse and boundary information 
Is plotted by the computer, and stored for future use.
7. The Site Plan is prepared from the cosqjuter-plot ted boundary, 
and presented to the appropriate public agencies for approval.
8. Subsequent to approval, the proposed improvements are computed 
plotted, and stored, at a scale of 1"«40'. This drawing is
overlaid onto the previously prepared appropriate scale 
topography, and the vertical configuration Is determined.
9. Following all adjustments, the complete plan la reported at
a 1"*40' scale. This drawing la later used for the staking plan.
10. The plan la plotted at a scale of 1"«20', preferably, onto a 
single, large sheet of paper. At this enlarged scale, the draw­
ing is a»st useful to the Landscape Architect for his design 
work. The drawing Is additionally overlaid by the draftssmn for 
preparation of the Final Subdivision Maps.
11. The plan is plotted (l"-20') onto the final engineering design 
sheets. A  last run at a smaller scale (usually 1"-100') is 
plotted onto a cover sheet for use as modification into a "Key 
Map" to the various design sheets.
12. Earthwork quantities are computed from the combined 1"»20‘ scale 
topography and design. Cross-sections smy be plotted by the 
computer, if desired.
The order of the various functions listed above is sometimes modified 
in order to accoessodate unusual site or jurisdictional requlrenents. 
However, no steps can be entirely eliminated.
Derivation of the topography by aerial methods standardizes that 
function entirely. This method has proven to be extraordinarily 
accurate and complete in detail. A wider coverage la given than that 
usually provided by strictly field methods. Sepeat trips to obtain 
additional topography are minimized.
Computer plotting of all sheets is without comparison. All drawings 
are identical, whatever the scale. The drawings represent exactly that 
which has been computed, and in exactly that configuration. The drawings 
are prepared with a very high degree of accuracy; the computer can plot 
far a»re precisely than man can scale.
A bonus Is the co*ination of the various visual aids produced by 
the system (aerial photography, aerial topography, computer print­
outs and computer plotted imps). These items have been found to 
possess a great beneficial quality in presentations to an adJoiner, 
or to a Planning Coasslsslon. They seem to be greatly trusted 
insofar as extolling the exact truth. (In the case of aerial 
photography, this truth may, in fact, be distorted; however, to the 
more or less casual observer, a photograph is an absolute representa­
tion, and, therefore, convincing.)
We've come a long way with our streamlined processing, and with our 
use of the computer to accommodate the drudgery chores common to 
site design. We are combining more and more programs in order to 
enable us to give the developer the answers he wants in a matter of 
hours, Instead of weeks or months. We feel that eventually, it 
should be possible to determine the feasibility of a project, and to 
provide a quantity list, cost estimate, and plot plan— all in a single 
day.
It isn't out of reach. We have most of the programs now. We're 
continually involved in a process of putting them together into an 
overall executive program. As our work proceeds, we feel that we 
are making our contribution toward furthering the cause of "Lesser 
Cost Housing."
104
A ROLE FOR EDUCATIONAL INSTITUTIONS IN HOUSING DEVELOPMENT
By
Paul J. Grogan*
A Synopsis o f the Housing Problem
Educational institutions are moving ever c loser to participating  
to the lim its of their mission and capab ilit ies in the problems of 
housing development to meet the d i f f ic u lt  housing goals for this nation.
The issues with which they are confronted in this fledgling e ffo rt  
may be thought of in terms of satisfy ing  three principal areas of 
interest: physical. soc ia l and p o l i t i c a l . Each o f  these ideas carry 
within i t s e l f  the essence of a more concrete term, namely and respective­
ly , technical. personal and community. In  these latter contexts, one 
can v isualize a spec ific  form of housing serving a very rea l human 
need in a community that cares about how its  citizens are housed. In 
the fin a l analysis, this is the essence o f today's housing problem; 
however, the alternate choice of words as presented in it ia l ly  above 
seems to have greater app licab ility  to the discussion that follows.
The more encompassing word, economic. has not been used in the 
above sim plification  of the issues. The great affluence of this nation 
and its  overt display of wealth in  defense and space has become a g la r­
ing inconsistency among an ever increasing number of our c it izens. There 
are many today who have reasons to deplore the conditions of housing, 
to which one -fifth  to one-third o f  our citizens are relegated. The 
absence o f choice is  more overwhelming than any possible economic 
constraints one might depict.
You may have noted this in July 1969, during the general euphoria 
that swept the country at the time of the f ir s t  landing on the moon. 
Man-in-the-street Interviews revealed a vast area of misgiving among 
the o ld , the young, and the disadvantaged. Too often their reaction  
was that with so much not right at home, why should we be spending 
money on the moon? Frankly, I  be lieve  that fee lin g  has become more general 
since a year ago July . He have confirmed at la s t  that the moon is not green 
cheese; i t  is more o f a hot potato. Neither to extend the smtaphor at a l l  
nor to raise an unnecessary extraneous issue, the Viet Nam War has long 
since proven to be essentially the same. Thus, both aerospace and de­
fense have become suspect a c tiv it ie s  nationally while our housing con­
ditions deterloriate apace. Let us discuss f i r s t  the physical aspect o f 
the housing problem or question as I  see i t .
Physical Aspects.
This area of concern includes all aspects of the building process 
such as planning, zoning, site selection and developsmnt. finance■ design. 
construction, management. maintenance. etc. Several of these needs are now 
being served, although thinly, by on-going activities in our institutions 
of higher education, both private and publicly supported. Examples of 
such activities taken from the current program offerings of such institutions 
Include: Critical Path Method. Construction Contracts and Specifications. 
Environmental Design for Cities. Building Better Housing Environments, etc. 
This conference, with its highly significant international posture and 
flavor, is another significant example of what can and is being done with 
respect to increased educational effort and emphasis in the quest for 
low cost housing.
^Professor of Engineering, University Extension, The University 
of Wisconsin, Madison, Wisconsin.
There would appear to be an opportunity to organize various other 
educational and train ing programs designed to serve one or another interest  
groups within this broad charge. Discussion should take place with private  
sector interests, the federal and state agencies, and others in the private , 
nonprofit sector concerning how this leve l o f service may be expanded by 
institu tions, by states and w ithin regions o f f  the minimal base i t  is  
now operating. I t  must be expected, however, that the rate  of growth o f 
such ac tiv it ies  w i l l  be both lim ited and sporadic in the light of present 
circumstances because o f the general absence o f start-up funds for programs 
and because of the m ultip licity  of d iscip lines engaged across the spectrum 
of technical and managerial subjects to be served within the context o f  
how housing cooes into being.
I t  also should be noted that the target audiences for these programs 
are la rgely  professional and therefore may be expected to be reasonably 
up to date in the techniques o f their respective lines o f  work. Moreover, 
their interests may be across-the-board in the particu lar f ie ld , whether 
finance. accounting. arch itecture. construction. project management, e tc .
Thus i t  would not appear lik e ly  that technical content courses for the various 
specia lties dealing exclusively with housing programs, particu larly  where 
the public  sector -  federal, sta te , and local governments - -  is  involved, 
would achieve s ign ifican t success except in the short term and on the le ve l 
of v irtu a l on-the-job training for lower echelon technical personnel in 
the participating organizations. The reasoning here is  that the re sp o n s ib ili ­
ties o f subalterns with respect to housing development, where the public  
and non-profit sectors are involved, may be considerably more narrcwly 
defined than that o f principals and professionals serving the housing 
Industry per se.
Social Aspects
Within the social arena it may be noted that the pawn with respect 
to housing development Intended to serve persons with limited means is the 
would-be occupant, himself. It is he who must await upon the political 
and physical processes by which such housing is obtained. Too often the 
byplay of political and economic feasibility take precedence over social 
need. And when needs are served, they very often reflect several conscious 
or subconscious biases in tens of: 1) the groups to be served, 2) the 
sites to be used, and 3) the general quality and esthetics of the housing 
to be built. So it is that lew-income housing is built: 1) where there is 
neither lnstediate employment nor good mess transit connecting with the 
available Jobs, 2) for the elderly and not the poor, 3) often according 
to Inadequate design standards and attention to esthetics, 4) with the 
use of inferior or Inappropriate materials, and S) carried out with 
Indifferent supervision and workmanship. The consequences of all this is 
that the occupanta suffer not only the Indignity of inferior living con­
ditions but then are accused unjustly of reducing the substandard structures 
to "Instant slusm ." Remove these and similar incongruities from housing 
programs in which govarnmsntal units are Involved and many of the present- 
day social concerns about the role of the public sector in making more 
low-income housing available will disappear as well.
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It should be kept in mind at the aaae time that the occupant of 
housing developed under one fora or another of local government authority 
or nonprofit organisation sponsorship is no less a consumer than the 
person who buys a new refrigerator or automobile. Think hew much greater 
the chances for long-term success with limited Income housing projects 
if the conerns of those individuals for whom the product is marketed were 
taken into account as the project is brought into being.
Housing for the elderly, the indigent, the disadvantaged, the un­
employed, and the underemployed should be the vantage point from which 
many of these less fortunate citizens can aspire to move on in time to 
open market housing as an alternative to becoming a last resort from 
which there is no apparent excape. This opportunity should be both real 
and imaginary. That is to say, wherever public and private assistance 
is provided insofar as the more adequate housing of the disadvantaged is 
concerned, there should be the opportunity for those with potential to be 
accommodated at a later time by free market housing of their own means 
and choice. Conversely, those without hope should be given the equal 
opportunity to live out their lives in low-income housing with comfort 
and dignity. Distinctions should not be drawn between the two groups 
passing one ano;her in the milieu of limited income housing insofar as 
their relative dependence upon one form or another of housing assistance 
is concerned.
Political Aspects
Federal support of housing dates back to the early days of the 
Franklin Roosevelt era. The forgotten contribution of that involvement 
has been the surfeit of success in the suburbs, through the guarantees 
given to FHA and GI loans. Time alone will tell how much irreparable damage 
has been done to the landscape and to society at large in the forms of 
traffic congestion, environmental pollution, class separation, etc., that 
must be attributed to the thirty-year flight to the suburbs which has been 
aided and abetted by these legislative enactments. During the same time, 
the comparative lack of success with housing development in central 
cities —  where the insatiable requirements for freeways and parking 
lots have been represented by stronger lobbies than low-income housing 
proponents could afford —  carries the popular image of the failure of just 
another governmental program.
Federal programs of housing support nevertheless have been innovative 
and reasonably well funded. Moreover, rather than be allowed to lose the 
significant headway that has been obtained, this posture on the part of the 
federal government surely will improve in the face of the growing need 
and with the re-ordering of the national priorities post-Vietnam and 
post-Apollo.
The problem with federal housing programs to date cosies in the 
application, where misunderstanding, apathy, prejudice, and an inferent 
reluctance on the part of many to become involved with federal prograss 
all tend to delimit the possibilities of such well-intentioned and 
reasonably well-funded programs. In keeping with these hard facts, there 
would appear to be an opportunity to engage in programs that might be 
termed "public-affairs education for elected and appointed officials" 
in which the paper work processing and public relations aspects of a 
housing program sponsored by the local comunlty can be treated for 
the enlightenment of local officialdom and the expedition of low-cost 
housing efforts.
As with other federal programs working in companionship with state 
and local governments, the ultimate success depends more upon the in­
genuity, persistence and expertise of local resources in thousands of 
local communities around the country than upon the limited number of 
highly qualified counterpart resources that can be gathered together in 
Washington. The educational programs as envisaged here would serve in 
part to redress the balance with respect to the several ready classifica­
tions of consumers, whether aged, indigent, low-income, etc.
Program Approaches
Follow-up Activities. It would seem to be desirable, if not essential, 
that the posture of educational institutions with respect to serving the 
interests of greater housing development for this country not be exclusive­
ly that of programs in the typical formats of conferences, short courses, 
and institutes. There should be an appropriate balance with respect to 
follow-up activities in the field in which there is maximum opportunity 
for meaningful dialogue and through which the educational institution and 
its personnel can be the learner as well as the purveyor of learning.
The former techniques, of course, have become the paramount means of 
information dissemination throughout the post baccalaureate educational 
industry that has emerged in the last two decades because of the compara­
tive ease with which a high level of self support can be generated. This 
suggestion that educational institutions manifest more interest in the 
consequences of their educational programs, possibly helping to shape 
the results thereof, by greater concern about what actually happens to 
individuals after they have been exposed to a new skill or a new area 
of knowledge, has been voiced in other areas and represents both an 
opportunity and a responsibility whereby such organizations may optimize 
their effectiveness.
This matter of follow-up in the field raises the question of program 
support referenced above. In the final analysis, intensive field services 
may also place educational institution personnel in competition with the 
private sector interests (e.g., developers, realtors, lending institutions, 
consultants, accountants, etc.) and with public and social service 
employees at all levels of government and nonprofit organizations who 
have responsibilities in the housing and welfare fields.
In keeping with this thought, the history of the Cooperative 
Extension Service, OSDA, does not provide an appropriate parallel. The 
much heralded success of the county agricultural agent was obtained in 
a special set of circumstances not to be duplicated today on the farm, 
much less the urban or community environment. In short, the farmer 
of several decades ago did not enjoy the cash flow by means of which 
consultant fees could be paid. Neither was he immediately and profit­
ably accessible in the sense of a mass market to individuals in the 
private sector with a consultant service to sell. The agricultural 
agent, with government subsidy in one hand and without significant 
private sector disclaimer to fend off with the other, achieved success 
after a few quick decades by putting the farmer in the business of farm­
ing rather than the business of feeding his tastily and the assorted coterie 
of livestock he maintained - a form of diversity that overted disaster 
but also assured a limited net profit overall after a year of fence 
mending and toll in the fields. The corporate fanaer of today, with 
heavy commitments to specialized crops or livestock, increasingly gets 
his information from vendor sources and from professional advisory 
services.
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Interdisciplinary Content. D m  greater Infusion of eoeial (personal) 
and political (cn— unity) concepts in the physical (technical) programs 
now being offered through educational institutions should be encouraged. 
There hoe been sons esenple of this suggestion already. In our own institu­
tion, we cite the exeeple of Janes Potter, AIA, speaking on "A Mew Pace for 
America" at a recent learning experience on Critical Path Method. There 
would be other opportunities, particularly at organised institute 
luncheons and dinners, to breek pace with the technical content of pro­
gress by Illustrating the hinum side of the housing equation. It 
should be pointed out that the typicsl audiences in such progress ere' 
not the policy-sekers to whos the present shortcomings and full potentials 
of housing progress should be sade clear if issediately favorable results 
are to be obtained. Thus, the need to reach the principal officeholders 
who have e responsibility for meeting the housing needs of the cosmunity 
remains as a challenge to educational institutions and their public 
service oriented employees everywhere.
Innovation and Cost Control. The question occurs fron time to time 
ss to the extent to which breakthroughs in technology might provide 
answers to the housing problem. However, that inquiry may be countered 
with the statement that "the eternal quest" with respect to enclosing 
space has been for some new wall panel that would suddenly and miraculous­
ly serve to reduce housing costs. However, the costs of housing ore in 
an number of difficult-to-control areas quite apart from the nominal 
few percent required for the building enclosure per se: e.g., land, 
the development thereof (streets, sewer, water, gas, electricity, 
telephone, schools, police and fire protection, etc.), the increasing 
cost of money itself, comfort conditioning (e.g., automatic tesperature 
control, multiple bathrooms, and now air conditioning and accoustical 
treatment), automatic water softening, increased electrical service 
(from 30 asps to 60 asps, more recently from 100 asps to 200 asps, and 
now 300 asps for residences), stsodily increasing labor scales, stricter 
inspection and enforcement of codes, the currently rising cost in spite 
of money-saving near standards and conventions that appear from time to 
time in the exssple of prefabricated roof trusses, dry-wall construction, 
use of carpeting directly over sub-floors, prefabricated door and window 
stair ossesd>lies, etc.
Moreover, it is suggested that there should not be excessive pre­
occupation at this time or place with respect to money-saving standards 
of construction for various forms of subsidised housing since the condi­
tions of service in rental housing ore typically more severe H i »  fur 
private dwellings. Cited in this respect ore such factors as rapid turn­
over, lack of equity interests, comnon indifference where public or 
absentee ownership is concerned, etc. Indeed, calling for better-thon 
average construction specifications are such concerns as the reduction 
of noise transmission and cooking odors between dwelling units, minimisa­
tion of service calls, the attainsent of low overall maintenance, ease 
of refurbishing between occupancies, etc.
Another possibility for improved living at less coat would appear 
to be in terns of providing occupant incentives in rent-supplement and 
law-income housing through such "built-iof features as rnsmnn recreational 
areas for social gatherings, TV viewing and tbs pursuit of hobby Interests, 
part-time employment facilities, financial inducement for better-then- 
average care of facilities, etc. This concept of looking for "built-lna"
as a feature added to housing for those persons with limited means also 
may ba extended to packaged items of a physical kind in the nature of 
drawers, bunks and other furnishings built into wells, built-in appliances, 
central vacuum systems, garbage disposals, Inside shutters or screens in 
place of draperies, etc. Close attention to details of this kind should 
provide the occupant greater comfort and convenience in furnishing a 
trailing unit at Costs well below their free standing equivalents. These 
some innovations also effect other savings in overall floor space re­
quirements, housekeeping effort, moving expenses, and largely eliminat­
ing the need to finance furniture and appliance purchases whether as 
original investment or as replacement.
Base-Line Information. Any organised approach by an educational 
institution effectively to interface with the housing development 
activities throughout the locale it both represents and serves iawdiate- 
ly introduces the need for good fundamental information concerning the 
presently existing local housing conditions. To a certain extent, this 
nay be found in the forthcoming census information and in the existing 
county-by-county compilations prepared in many locales either for or 
by the Office of Economic Opportunity (OBO) and the Economic Develop­
ment Administration (ESA). Even in the absence of definitive information, 
there is the almost certain knowledge that all large and growing communities 
in our country have substantial percentages of substandard housing. This 
phenomenon is a direct and natural consequence of die persistent move­
ment of people into these areas in search of a better life than their 
former largely rural climes afforded. This aspiration of a better life 
includes both job opportunity and housing os its greatest priorities.
Many other more slowly developing coimsmities do not have housing 
available that is consistent with the current and projected levels of 
industrial employment. This is particularly true When considering whether 
or not the cost of available and potentially available housing is 
coamensurate with prevailing wages. Indeed, the absence of suitable 
housing, even the prospect of it, stands in the way of further industrial 
development for many smaller and comparatively isolated communities 
throughout our country that in practical fact offer the better opportunity 
for accosmodatlng the population pressure of the future than the crowded 
central cities to which our unskilled end undereducated persons have fled.
Co ■mini tv Acceptance. Local conmnaltles planning efforts are often 
caught in a crossfire of interests where Housing development is concern­
ed. Fredaadnsnt at the outset are the altruistic motives from which 
much planning begins. However, subsequent circumstances often dictate 
that capital formation in the private sector be served over human re­
sources development in the social sector. It must be noted that communi­
ties generally do not have housing goals in their master plans; at least 
the coassmity goals for housing ore never as clearly stated os the 
capital budgeting plans for streets, schools, hospitals, parks, and 
other public facilities despite the fact that new and Improved housing 
should be the precursor of all those community improvements. Smell 
wonder, then, that the real needs for housing in the c n u n l t y  do not 
have a broad base of public support whenever die issue is joined.
The key to this lack of forward thinking with respect to housing, 
in the view of the sociologist, is die need for a basic attitude change 
on the part of the eltlsamry at large. One worthwhile program directed 
to communities would be to legitlnstlse the scope of the housing needs.
The survey Information referred to above would support this effort. This Future Directions
program should have a powerful voice froai the educational sector when- Advisory Comnittee. Institutional operations and programs with
ever an institution moves more aggressively in this direction and should respect to low cost housing very well might benefit from further identity
enlist the support of the local power structure, including the media, and direction from one or more advisory comnittees conceived and staffed
industry, banking, real estate, and public officials. The community according to areas of Interest and responsibility. It might be argued
should realise that better housing is an Integral part of economic in "chicken and egg" fashion that there should be more of a visible
growth. Indeed, the availability of sound housing at attractive rentals program upon which "advice and consent" are sought before any such ex-
and purchase prices often represents the initial ingredient around ternal committees are formed. If and when advisory committees are created
which industry frasms its relocation and on-site expansion plans. they should include as a minimum strategical consideration such establish-
Industrial Acceptance. The auestion might be nosed, whv not a ment interests as an architect, banker, builder, developer, industrialist.
federal, state, and local program with respect to housing comparable public housing official, mayor, and state and federal agency officials.
to the recent massive assault by industry concerning hard core unemploy- with an appropriate counterbalancing membership serving occupant interests
ment, under the acronym JOBS, as headed by Mr. Henry Ford II with the in such examples as conmunity organizations, legal and counseling
full support of the Johnson administration? Hopefully, Mr. Romney's services, key social welfare person, social psychologists, social critics,
background might lead him, and therefore HDD, to the same conclusion etc .
in the course of the Nixon administration. The logic of this decision An attractive alternative to the suggestion of a single advisory
and follow-up implementation seems all the more logical while the nation committee would be a number of technical panels in the pattern of the
ponders the deterioration of its cities and the plight of its urban Rural Area Development activity that has been common in community develop-
citizens who are soon to number three-fourths, of the population. The aient circles these past several years. Such panels would have a broad
poor, the elderly, and all those on fixed, limited incomes share this and continuously evolving representation with each panel being able to
plight. More direct action with respect to housing would reduce the focus upon a particular regional area or a particular technical aspect
need for increased social security benefits, medical benefits, welfare of the overall housing problem.
payments, student assistance, etc. Piggyback Operations . There should be opportunities for educational
At the local level, the successful industrialist who equates institution activities related to the need for greater and more broadly
available housing with available labor potentials can overcome all of available housing development to be made a part of the "growing edge"
this other innate reservations concerning public involvement in the of present programs. For example, there are current subcontract operations
procurement of housing for those whose incomes are limited by one between the Department of Engineering in our University Extension and
circumstance or another. If the support of industry can be enlisted, the State of Wisconsin, Local Affairs Department (LAD), with respect
even if limited to the instance of showcase examples, then direction to Title VII funds available from HUD. These programs are largely
and incentives become manifest at the highest level of decision making concerned with urban planning, but are cited here as an example of a
in other communities to follow the example that has been set forth by program that can be examined on a year-to-year basis for opportunities
a few. to expand the services into activities more immediately related to the
State Orientation. It is interesting to observe that the several tangible problems associated with public housing. In addition, there
recent administrations of state government in the midwest have concentrated should be continued effort to serve housing needs in the best possible
upon "industrial and economic development" with significant success. The manner off the base of existing programs now showing up here and there
transition in thinking and emphasis to housing as the ultimate underpin- among educational institutions although not now enjoying the benefits
ning of the potential for industrial development is not difficult to make. of federal, state, or foundation support.
Indeed, many conmunities are presently stymied by housing limitations Area Contacts. Meanvhile. educational institution contracts
where industrial development is concerned. The subaarginal housing should be expanded to include a maximum of dialogue with the three
presently available to minority groups, not prevalent but persistant large interest groups where housing is concerned: 1) governmental:
throughout the area, represents a further deterrent to the continued as represented by federal and state officials, mayors, housing commissions,
industrial expansion of the region whether from the point of view of redevelopment authorities, planning bodies, etc.; 2) private sector
location with respect to jobs or as the environmental base from which interests; as represented bv developers, architects, bankers, contractors.
a productive employee sets forth on his daily routine. land owners, etc.: and 3) user interests; as represented bv the potential
Institutional Orientation. The latent state of readiness with consus«r, his community action groups and private, nonprofit sponsoring
respect to recognizing housing as essential to available labor, and agencies .
in turn, as essential to industrial development, carries onto educational Extramural Support. In short, the time would appear to be at hand
institutions where administrations have been characterized by their for a proposal to be drafted for federal and foundation funds to support
focus upon agricultural and mechanical problems in the tradition of a comprehensive commitment by major public institutions to the political,
their land-grant founding. Current administrations in these selfsame social and physical problems of providing housing suitable for all of
institutions are indicative of stronger ties to the land, the problems those constituent parts of the general population not now satisfactorily
of local communities, and the development of the human resource to the accuTirtited. Each institution, each state and each region can build
fullest extent of its capabilities. its own rationale for such support. Plus factors to be cited in favor
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of Wisconsin, for example, as the lo ca le  and institu tiona l base for such 
e ffo rt include:
1. W isconsin's trad itional lead ro le  in the nation where socia l 
action programs are concerned.
2 . The re la tiv e ly  heavy proportion o f Wisconsin Counties that have 
been determined to have moderate to severe incidences of rural 
poverty.
3. The several categories of disadvantaged in Wisconsin, including
the indigenous Indians, the comparatively recently migrated Negroes, 
present-day migrant workers, recent Latin-American migrants , 
vestiga l residents of the now-depleted north, members of the ever- 
increasing number of no longer economically viable farms, and the 
low-to-moderate incomes for sem i-sk illed factory personnel from 
la rge ly  rura l fam ilies and upbringing now engaged in assembly and 
ligh t  manufacturing operations in many outlying communities.
4. The most unified and comprehensive university extension service  
in the country.
5. The newly reorganized state government having v irtua l cabinet 
counterparts o f the federal departments dealing with internal 
a ffa ir s  .
6. The good and growing cooperation between University Extension 
and state agencies in such areas o f coranon concern.
Summary
The time would appear to be at hand for each of us , whether repre­
senting institu tions, private or public agencies, or private interests 
at large in both the sp ir it  of free  enterprise and the sp ir it  o f human 
resource development to ra lly  around the interest and potential generated
by this meeting. I w i l l  simply close by posing a series of abstract 
questions that leave a l l  of us with an unfinished job before us what­
ever our a f f i l ia t io n  and whatever our motivation follow ing these two 
days o f meetings.
1. How to overcome the adverse reaction at loca l levels to further 
involvement in federal programs?
2. To what extent is the role o f the local housing o f f ic ia l  analogous 
to that of the county agricu ltu ra l sp ec ia lis t  some decades ago?
3. How much time is  needed for general acceptance of the role and 
responsib ility  o f the former?
4. What is the true function o f the local housing o ffic ia l?
5. How may the loca l housing o f f ic ia l  be helped in his job?
6. How long w i l l  i t  be before the current student protest against 
the relevance o f the academic institu tion  be manifested in terms 
o f the general c itizen  protesting against the relevance o f the 
Extension institution? Indeed, has not the unrest in the c it ies  —  
which preceded the campus revo lt - -  by two or more years - -  been 
such a manifestation?
7. What is there to replace the city as a place to liv e  just as the 
city  has replaced the ru ra l area? Suburbia? Marina Towers?
John Hancock? New Towns? Habitat? ?????
Time is running out. H a lley 's  comet, a once-in -a -lifetim e event, 
is soon due. Even the new century w i l l  arrive on an ordinary two-day 
weekend. Our task is  monumental; let us a l l  go now and make a beginning 
toward meeting the low-cost housing needs o f this country, much of 
which is  a lo g ica l corollary to essentia l programs of urban renewal 
and development.
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SOIL CEMENT BLOCKS FOR LOW COST HOUSING -  CORRELATION OF 
EXPERIMENTAL RESULTS WITH SITE OBSERVATIONS
P.
1. INTRODUCTION
The so il has been a basic material for the construction of walls in 
housing throughout the world for many centuries. The method of combining 
ordinary so ils  with a stab ilis ing  material has been extensively used. The 
walls constructed out o f th is , i f  well compacted, have adequate compressive 
strength under dry conditions. However, i t  may lose strength under adverse 
moisture movement when heavy rain beats against the walls. Snail crevices 
and hair cracks in the external surface o f a wall w i l l  lead the water into 
the wall and make i t  soft. The intermittent wetting and drying conditions 
would make the blocks to erode and fin a lly  deteriorate. In such oases, the 
outer face of the external walls should be treated with waters-proofing material 
in order to avoid the erosive e ffect.
2. SOIL -  CEMENT BLOCKS
The so il consists of sand, clay and s i lt .  The proportion o f sand 
>nd clay in the so il widely varies frcm place to place. I t  h a s  been fcund 
by past investigators that the s o i l  which contains 30% -  35% clay gives 
rcamenably good results. As much as 70% of sand is  used in South American 
countries. I f  a so il contains sand and clay in proportions outside the above 
range adjustments could be made to raise the proportions of the s o i l  to the 
required level by the addition o f sand or clay as the case may be. The presence 
of large percentage of s i l t  las detrimental effect on the w a lls . Hence the 
use of so ils  containing large percentage of s i lt  should be discouraged.
Cement is  used as the s tab ilis in g  agent fo r the so il blocks. The 
;urcentage by weight of cement varies with the type of so il used. !tonally  
this is between 5% and 10%. The quantity of water used fo r  the mixture w i l l  
.a: end on the type of so i l used. The mixture should neither be too dry nor 
• x; wet. The workability is poor i f  i t  is  too dry; but i f  it  is too wet 
shrinkage cracks w ill develop as the block sets. Therefore, just the right 
amount of water should be used to make the mixture easily workable. Experience 
huo s h a i r . i that water between the limits of 10% and 20% by weight is  satisfactory.
3. STRENGTH REQUIREMENTS
The 3uilding Institute at Addis Ababa, Ethiopia, had recommended that 
T.e minimum strength o f so il cement blocks should be 300 lbf/in2 (21 Kgn/c.m2). 
i.i the case o f houses bu ilt in Western A frica, strengths as low as 200 Ib f/ in2 
(14 Kgn/c.m.2) have been accepted. I t  was found that the strength decreased with 
age, and also decreases under wet conditions. The percentage o f water absorption 
would depend on the quantities of sand, clay, s i l t  and cement. Blocks having 
high water absorption should be protected by wa ten-proof ing. I t  is  possible 
to improve the strength and durability of blocks by increasing the cement content. 
However, the use of larger quantities of cement (mare than 10%) w i l l  make the 
construction expensive.
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4. PILOT LOW COST HOUSES IN TRINIDAD AND TOB/>GO.
About 6 years back sane 200 p ilo t houses using Cinva-Ran (s o i l  cemsnt) 
blocks were bu ilt  in various locations, where there was a programme o f house 
building in large lumbers. The w a lls , foundations and ground f lo o r  slabs 
were constructed using the above blocks. The so il available near the site  
was used for naking the blocks and 10% cement by weight was used in the 
nanufacturing o f a l l  blocks. The block size was: 3 5/8" x 5 5/8 x 11 5/8 .
The Cinva-Ran machine (developed in 1956 by the Inter American Housing Centre 
in Bogota, Columbia) was used fo r  the naking of these blocks. Soil cement 
mixture was compressed in  the above nachine by applying a force of 40,000 Ib f 
(18 metric tons). Even though the Inter American Housing Centre recommended 
a thickness of 6in for w alls, only 4in thick walls were used in the above p ilo t  
houses.
Within 2 years a fte r  the completion of the above houses, d ifficu lt ie s  
were experienced in the external walls at certain locations due to rain  beating 
on the surface o f the w alls. Erosicn followed by disintegration of foundations 
and walls tock place in the case of certain houses. The author and a U.N. expert 
were called upon to investigate a l l  the pilot houses.
5. TESTS ON WALL BLOCKS AND OBSERVATIONS AT THE SITE 
Visits were made to the sites and almost a l l  the houses were inspected
and observations made. The wall blocks used fo r these houses were tested in the 
C ivil Engineering laboratory of the University of the West Indies for:
(a ) Canpressive Strength
(b ) Water Absorption
(c ) S ilt  Content (a t  certain sites cn ly ).
The test results in the laboratory and the observations made on the houses 
are given for various site  locations.
6. SITE LOCATION 1.
The test results cn the blocks used in the site  are given in Table 1.
Under dry conditions the canpressive strength varied between 208 lbf/in2 and 
757 lbf/in2 and the average was 432 lbf/in2, and under wet oonditions the 
stresses were reduced. The average was 268 lb f/ in2. The water absorption 
was between 3.7% and 6.3% with an average of 5.1%. The s i l t  content was below 10%
The W e ills  at the site were found to be in good condition two years a fte r  
the work was completed. Even at the end of 5 years, most of the walls were 
in a satisfactory condition. However, a few houses had deterioration in a few 
blocks in the external walls. This was mainly due to the fact that the rain  
was beating regularly cn these walls, and as a result these external walls that 
were affected fad to be repaired. Wherever protection was given by plastering  
there was no erosion due to the water beating on the walls. In the case of 
the internal walls, these were in good condition and therefore did not need 
ary protection.
7. SITE LOCATION 2.
The n u x im in im u m  and the average ocmpressive strengths under ary 
conditions were S10, 208 and 3*48 lbf/in^ respectively. The corresponding water 
absorption percentages were: 10.0, 2.S and 5.6. The average strength o f blocks 
under wet conditions was: 318 Ibf/in^.
The houses bu ilt using the above blocks were generally satisfactory, 
and at the end of 5 years no erosion o f external w alls were seen. TWo coats 
o f  lime wash were applied to many of these houses at regular intervals and the 
external walls in these oases were in a very good condition.
8. SITE LOCATION 3.
The test results are given in Table 3. The compressive strength under 
dry conditions varied between 156 lbf/in2 and 426 lb f/ in 2, and the average was 
315 lbf/in2. The average under wet ccnditions was 222 lb f/ in 2. The water 
absorption percentage varied between 4.2 and 12.4 and the average was 7.9.
The s i l t  content was below 10%.
The houses bu ilt using these blocks fo r  walls were found to be in a 
satisfactory condition at the end o f 5 years. No trace of erosion was fcxjnd 
in the outer surface of the external w alls.
9. SITE LOCATION 4.
The test results are given in Table 4. The crushing strength under dry
conditions varied between 184 lb f/in2 and 475 lbf/in2 and the average was 300 lbf/in2. 
Under wet conditions the strength of the blocks dropped to almost one half o f the 
orig inal strenght. The water absorption varied between 8.2% and 11.1% and the 
average was 9.3%.
The external walls erected using these blocks were found unsatisfactory.
Erosion of the outer surface of these w alls took place within 5 years due to 
intermittent beating o f rain  water cn the surface. As recesses were allowed 
in the blocks cn the outer surface, rain water beating on the recesses penetrated 
through the blocks and the inner face of the outer walls were found to be wet.
Because of the fast deterioration of the external w alls, they subsequently had 
tc be rebuilt using concrete blocks. Test of blocks and s ite  observations 
were Trade in two other locations and the results were sim ilar to those given 
under Location 4.
i
1C. SITE LOCATION 5.
The test results are given in Table 5. The maximum, minimin and average 
crushing strength under dry conditions were 431, 327 and 375 lb f/ in2 . Under 
wet conditions the strength dropped considerably and most o f the blocks had 
a strength below 200 lbf/in2. The water absorption percentage varied between
12.0 and 15.6 and the average was 13.9. The s i l t  content was in the range 
30% -  35%.
The external w alls (4in thick) were in a very bad condition at the end of 
2 years. The recesses on the outer face of the w a lls , though they gave the houses 
a pleasing wall pattern, aggravated the erosion o f the blocks by allowing water 
to penetrate through the recesses. Serious deterioration took place just above
the ground leve l o f the exterior walls and also  below the window s i l l s .  In is  
was mainly due to the beating of rain  water and splashing or the water from the 
ground to the walls. The foundation blocks disintegrated tkie to p artia l stag­
nation o f water. Seme blocks crumbled when crushed between the hands. This 
was primarily die to the presence of high percentage of s i l t  in the s o i l  used.
The parapet walls eroded easily  as there was no protection against weather.
Within 6 months a fte r the above observations were made, the external w a lls  in 
most o f the houses collapsed under heavy rain . These walls were subsequently 
re -b u ilt  using concrete blocks. There was wear and tear in the f lo o r  s labs .
There were a few houses which were plastered and painted before the 
deterioration took place and these were found to be reasonably satisfactory. 
However, deterioration had been observed in projecting walls exposed to the 
rain . I t  was found in soma cases that there was no proper adhesion between the 
blocks and the plastering, and cracks in the plaster were observed.
11. DISCUSSION ANT CONCLUSIONS
From the test results obtained in the laboratory and the observations 
made cn the behaviour o f w all blocks in the site  under adverse atmospheric 
conditions i t  is  now possible to correlate the two resu lts. In Locations 1 and 2 
the average compressive strength under dry conditions was above 300 lbf/in2 and 
under wet conditions i t  was above 250 lbf/in2. In both cases the average water 
absorption percentage was below 6 . In Location 3 the strength under dry 
conditions was above 300 lbf/in2. The average water absorption was below 8%.
In a l l  the above cases the blocks were found to be generally good even at the 
end of 6 years in spite of the heavy ra in fa ll in the area. This was mainly due 
to the fact that the s i l t  content was below 10%. Fran the above observations 
i t  is  reasonable to conclude that lcad-bearing wall blocks having an average 
aompressive strength of 300 lbf/in2 under dry conditions and 250 ltf/in2  
under wet conditions, and water absorption of below 8% are good. In these 
cases no protection is  necessary in the way of water-proofing fo r the walls. 
However, in places where the ra in fa ll is  heavy, protecting of the outerface 
of the external walls w ill give long l i f e  to the structure.
At Location 4, even though the average strength was 300 lbf/in2 under 
dry conditions, the strength dropped to below 200 lb f/ in 2 under wet conditions.
The average water absorption percentage was above 9. IXie to rain beating on the 
exterral walls erosion took place and with time disintegration oocured. I f  the 
w all thickness were Bade 6in instead o f 4in the loss of strength would have been 
minimised. Similar observations were made in two other locations. The s i l t  
content was observed to be high in these locations. Wherever protection to the 
outer face of the external walls was given by the application of two coats of 
lime-wash the blocks were found to be satisfactory and erosicn was arrested.
At Location 5, even though the average strength under dry conditions 
was much above 300 lb f/ in 2, i t  dropped to below 50% o f the above strength under 
wet partitions. The water absorption percentage was above 12. The recesses 
cxi t f *  outer face of the external wall le t  water into the w a lls , and intermittent 
w ettir* arri drying led to complete disintegration and fa ilu re  of the structure 
within 3 years. The foundation also disintegrated in many places. This was 
primarily die to the presence of 30% — 35% s i l t  content. The position was made 
were* by the use of 4in thick w all instead o f 6in thick w a ll. Protection o f these
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blocks w ill be expensive and economically prohibitive. The blocks with the above 
characteristics are bad and are unsuitable to be used fcr load bearing external 
walls. The internal walls, though 4 in thick and even without protection were found 
to be in a satisfactory oondition in a l l  the pilot houses.
12. RECOMMENCED SPECIFICATIONS
In the light of the observations made in 200 pilot houses using soil 
cement blocks and the information obtained in other countries, the author 
reccrrmends the following specifications for use in developing countries:
A. LOAD BEARING WALLS AND EXTEFNAL MALLS
1. The s i l t  content in the so i l should be less than 10%. The percentage 
of sand and clay are variable frcm place to place and soils containing 
sand up to 70% nay be used.
2. The cement oontent should not be more than 10% and not less t)an 5%.
3. The minimum thickness of a l l  walls should be 6in.
4. No groove or recess should be allowed in the cuter face of the external walls, 
and the face should be trade plane.
5. The average compressive strength should be 300 lbf/in2 for 5 units (dry), 
and 250 lbf/in2 for a single block.
6. The water absorption should not exceed 12%. Blocks with a water absorption 
of less than 8% nay not need any protection against weather. Blocks having 
a water absorption between 8% and 12% should be water-proofed.
7. The use of so il cement blocks fcr foundations should be avoided in plates 
where there is heavy ra in fa ll.
8. A damp-proof course should be provided at least 3in above the ground level.
9. Adequate drainage should be allowed to drain off stagnant water near the 
external walls.
NOTE: In general it  is desirable to make the outer face of a l l  external
w alls water-proof to have long l i f e  for the structures. Two coats of lime 
wash at regular intervals nay be satisfactory. (In  India, an application 
of Hydroplast, a Clay Bitumen emulsion, to external walls has been found to 
be satisfactory for surface protection against dampness. Also an application 
of Sylex, an extract from the cashew nut shell, has been found to be effective 
This material is termite-proof as well as water-proof.
Far non-load bearing internal walls the above specifications nay be 
relaxed depending on the site conditions.
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AVERAGE OF 8 17.09 268 3.2 5.1
factory
T A B L E  2 L O C A T I O N  2
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15.50
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MAXIMUM 15.70 260 14.1 15.6 Blocks
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DEVELOPMENT BY MEANS OF SEMI-PERMANENT BUILDING
A new, practical approach 
B. E.
The argument presented herewith shows two different main 
aspects. First there is put forth a new, general practical 
approach in housing and city planning, a dynamic one which at 
first might be viewed as shocking and dangerous by many plan­
ners, builders and administrators which are trained and used 
to a more static manner of thought, the one applied to practi­
cal planning in former epochs. By and by they will learn to 
judge this novel approach more positively. The general prin­
ciple of "built-in" obsolescence in a time of transition like 
ours will become accepted in not too far a future.
Further, there is the suggestion to start systematic tech­
nical research on a broad base, now, and to coordinate research 
work already in hand.
The deciding aspect, especially in view of the plights of 
urbanization with the underveloped nations is the technical 
one. There is a cluster of highly technical and techno-econom­
ical problems to be solved. The algorithms for optimization 
of so many workable "Systems" have to be found out and made 
use of--starting from a table of different planning assumptions 
and of different basic building materials and methods. Both, 
planning models and (say) building materials will call for 
much research, preliminary and factual, per se and in view of 
their reciprocal influence.
Xhe task might be summarized as follows:
For housing a houseless mass-population of inferior means or 
no means at all, there are till now two principal alternatives 
generally accepted:
A. The erection of solid, multistory structures next to 
the centres of employment, complete with the necessary 
public services, allotting a separate sanitary core for 
each dwelling and leaving the completion of the residen­
tial units to the inhabitants, to be realized gradually 
in the course of time.
B. The allocation and preparation of "squatter" communi­
ties near the fringe of the cities, including provision
of streets and all-weather paths, water and drainage etc., 
educational and other social services and guidance of the 
settlers to build their own homes with the help of sub­
sidies and/or building materials according to local 
conditions.
Now there should be a third principal possibility viewed, 
developed and compared in its economics with the other two 
mentioned above before a decision is reached: This is the 
erection of low-rise high-density settlements of semi-permanent 
buildings in the outer districts of the big cities, buildings 
for the local social services also, for a period of use of 
twelve to fifteen years only, allowing for a double period in 
case of emergency.
Dip. Ing. A.E.A.I., Architect & Townplanner, Haifa, Israel
.n Housing and City-planning 
by
Friedjung1
A flawless sanitary service has to be warrented for all 
the time of possible use, by a solidly mass-produced sanitary 
core. This permanent part of a semi-permanent structure may 
perhaps be used again on another site.
The cost-factor will be decisive. Here it may be realis­
tic to clearly distinguish between housing people with restric­
ted means and people with no means at all. Yet both strata 
of the population need the same minimal "shell" as fit for a 
certain family size in the terms of a certain region. As both 
sorts of people need strong public subsidies to place just 
such a minimal shell at their disposal, the natural (and human) 
solution seems to be to let the bits of private means available 
go for a less primitive equipment, of the same basic minimal 
dwelling type!
The erection of semi-permanent settlements surely takes 
into account, if rightly organized, methods of using not only 
the self-aid of the future settlers but other nearly untrained 
labor available, also.
When preparing specific small pilot-projects as objects 
for "trial and error", it should be done in different alterna­
tive ways of layout, financing, execution and local management, 
always comparing the cost-benefit ratios of more traditional 
solutions with pioneering ones.
How much we are yet in need of practical research may be 
shown by a recent experience in Israel.
The technical branch of the Israel Housing Ministry was 
nearly ready this year to erect some housing estates complete, 
from high-class asbestos huts for about $7.70 net building costs 
per sq. foot, because this meant a quick erection. Now this 
would have been even more expensive than erecting three-storied 
buildings, solid buildings from precast concrete slabs, costing 
net $8.10 per sq. foot! Then it was decided to plan indeed 
for and erect these housing estates from precast concrete 
slabs, but only one story high! This enables quick building:
3 to H months only, from the clearing of the site till the 
moving in of the residents. The net building costs total $7.10 
per sq. foot only. Gross density will be 150 to 200 families 
per acre and with a second floor flat added eventually, acces­
sible by open stairs, may be increased to 300 to <*00 families 
per acre. Altogether it is not a bad achievement but it eli­
minates completely the alternative of semi-permanent, quick 
and cheap building. This is the situation today!
The presumption of a novel, more dynamic general planning 
approach, too, deserves a bit of elaboration.
Concerning the manifold aspects of planning in our times 
there is first the speed without precedence, of technological 
development and change. One cannot compare this with anything 
before. It is a fascinating and, to a certain extent, even 
hypnotizing process.
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On the other hand, our real and scientifically supported 
knowledge of good planning for human beings is decidedly smaller 
than usually supposed. On the contrary: the very foundations 
of the basic values concerning physical planning, namely our 
perception of Man, is not at all secured today and such per­
ception may change rapidly with new breakthroughs of research.
So some of the foremost planning problems are not only 
unsolved but unsettled. We know much less that we thought but 
with this judgement we shall progress!
It is true, in the past there was much of the art of 
good living and good planning for a certain strata of wealthy 
people, together with some nicely balanced functionalism in 
popular housing. However this stemmed from a near-to-intuitive 
knowledge. Alas, we have successively lost this natural gift 
and we never will find it again even when aping the glories of 
the past. Moreover, our frame of life has utterly changed.
Mankind is "coming of age", so to say, liberating itself 
from the former natural and mental bonds. This is a profound­
ly new situation, one of responsibility and of danger. We are 
unsure where the travel leads. We know only that it has start­
ed. The values of old break up whilst new situations and new 
values emerge, some perhaps transitory, others perhaps perma­
nent. During such extensive break-up it would be unwise to 
accept the prevailing planning perceptions of today as a 
straight and secure guide to truth and reality.
Here the argument draws its last justification:
If basic values are changing rather radically and may change 
again, it seems only an honest suggestion to view the resident 
tial quarters and new towns to be erected, not as permanent 
structures but as provisional ones, as semi-permanent ones.
Even to plan now for the year 2000 is objectionable! An archi­
tect in Jerusalem, Mr. Darmell, put it lately, "To discuss a 
physical plan for anything beyond 15-20 years--is science 
fiction". One could envisage an urban community designed and 
built for use during a period of 15 years only, then replanned 
and rebuilt for another 15 years' U6e and erected again, al-
This exposition should be closed by coming back to a very 
simple practical case of some small rural or semi-urban commu­
nity as may be erected in one of the poorer developing countries. 
A minor remark may hint at the human aspect of such a task.
When planning this physical focus of local community life 
within the framework of semi-permanent structures, a solid 
permanent feature should be added in order to form a real con­
trast and a supplement. It should be designed and executed 
very carefully and as it will be small in scale, should not 
prove to be expensive. The most natural setting will be a 
combination of this feature with a fine shadowy tree or a clus­
ter of trees.
Here will be the actual "navel" of neighborhood life as 
a socio-psychological reality. It will help the population 
to take root in their new locality. Its character will depend 
on the settlers' background and may be a traditional symbol, 
a shrine or a memorial. This will constitute an element of 
constancy in the mid of non-permanency.
ways in a much-altered way, using the newest socio-psychologi- 
cal findings and technical means, and this instead of the sta­
tic urbanities of former epochs. A minimum only which must 
be chosen from the changing conditons would be built for per­
manent use, maintaining continuity.
An urban quarter to be substituted after expirement of 
its term of use could be rebuilt on another site, on an un­
built or cleared area prepared for this end. The former area 
might even be left "open space" for some time and such a pro­
ceeding could be compared to the rotation-system usual in ag­
riculture (a proposal of H. Bernoulli's, as early as 1995).
The problem of financing for all this rebuilding business 
might be less when considering the technological process going 
on in the meantime— likely even in acceleration, till another 
substitute will be due. It will cause a general increase in 
national wealth of a given population; meanwhile more techni­
cal cheapness will be made ready.
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AGGREGATE RENDERED PLYWOOD OR ASBESTOR 
EXTERIOR WALL PANELS FOR DOMESTIC STRUCTURES
Rv
A. Coull* and R.
1NTROOUCTION
Tinder fiaae construction r i  particu larly  su itab le  for low 
cost housing, since most of the work can be carried out in a 
factory atmosphere unhampered by weather conditions. By the 
use of j ig s  end fix tu res, much of the work ie  of a repetitive  
nature, which can be tackled by either mele or female lsbour using 
easily  acquired s k i l ls .
Erection on a s ite  platform, which i t s e l f  must be constructed 
accurately, is easily  carried out by a team of erectors without 
great s k i l ls  in jo inery . The work is fa c ilitated  i f  l i t t l e  or no 
variation is  made to a standard internal layout. The construction 
of the platform can be a fa ir ly  simple undertaking i f  accurate 
formwork is  employed, and due care i3 taken in the placing of the 
concrete, or other foundation groundwork.
In the construction of timber-framed houses, the method most 
frequently adopted is  to n a il to timber jo is ts  or studs sheets of 
resin-bonded plywood. In one standard design, the outer layer of 
an ornamental grade plywood acts both as a sheath and cladding, the 
panels being generally ve rtica l with battens or mouldings covering 
the su itab le  sealed jo in ts . Unfortunately, the majority of timber 
and plywood frame types of structures depend on some additional 
form of covering overlay for decoration and weathering protection, 
and the maintenance of such surfaces can be costly.
The other recognised methods of providing the outer cladding 
are by using brickwork, hung t i le s ,  or pebble daahed cement rendering 
on wire mesh. A ll these methods have their own advantages and 
disadvantages; however, none is suitable for industria l fabrication, 
and none may be used easily  to s t iffen  and strengthen the frame by 
providing an integral form of structure and cladding.
At present, because of unfavourable cost comparisons with other 
methods of construction, smaller erections than domestic dwellings, 
which would s t i l l  require to have an overlay for acceptable 
appearance, are seldom constructed from plywood.
This paper describes a simple technique which has bean devised 
to produce cladded plywood panels which present an exterior surface 
of aggregates, or pebbles, which have been resin bonded to the 
plywood sheet underneath. The method is  particu larly  suitable for  
sin g le -sto ry  houses and sim ilar structures which have a design 
basis which permits the plywood to have a combined sheathing and 
cladding function. It is  also very su itable for structures such as 
house extensions, garages, sheds, holiday chalets, ate.
BASIS OF DESIGN
In order to taka fu l l  advantage of the repetition necessary for 
minimising production costs, the design can bs carried out on a 
modular basis. Using B ritish  sizes, a su itable  module for the 
construction of single story dwellings could be based on the 
coeseercislly availab le  standard sheet s ize , v iz . 0 x 4  f t . ,  but this 
could easily  be altered to suit local conditions.
T . McCrone**
If the module size  is  accepted is  8 ft  x B f t . ,  any door or 
window opening can be incorporated within a single  panel. The plain  
panel, without a door or window cut-out, consists of two B f t  x 4 f t .  
sheets butting together, with a vertica l stud, to which both sheets 
are nailed, behind the jo in . I f  i t  is  desired to increase the 
length of the panel, for example in order to increase the ce iling  
height, a horizontal jo in t may be made in a sim ilar manner, as shown 
in f ig . 2B. The resin-aggregate overlay conceals the jo in ts  
between the sheets.
The panels can be constructed and 'rendered* under controlled  
conditions in a factory, and delivered on s ite  in a finished 
condition. Panels of 8 ft .  square modular s ize , whilst allowing 
a l l  doors and windows to be incorporated, are small enough to be 
handled without expeneive li ft in g  equipment. U/hen constructing 
panels with doorway or window openings, the timber surround acts as 
a 'dam' during the pouring of the resin.
I f  due care and attention is  given to the de ta il design, the 
in -s itu  jo in ts , which are reasonable widely spaced at 8 f t .  centres, 
need not present an ugly appearance. The wide variation in  
m aterials and range of attractive finishes which may be employed on 
the panels themselves can do much to offset the drab uniformity which 
i s  often obtained in a large scale mass-produced housing scheme.
A suggested standard layout for a three-bedroomed house is  
shown in Fig. 1. The design u tilise s  three panels along one aide, 
and four along the other, and incorporates three bedrooms, kitchen, 
bathroom, and living/dining room. A greater variety of layouts 
is  possib le  i f  8 f t  x 4 ft 'h a lf-p an e ls ' are used.
CONSTRUCTION Of RENDERED PANELS
In its  cheap form of a planed but unsanded surface, complete 
with knot holes, Canadian Douglas f i r  presents a particu larly  su itable  
surface for this fora of treatment.
The stiffened panel or combined panels are easily manufactured 
by placing the jo is t  or etud reinforced plywood or asbestos sheet 
horizontally, and then applying a coating of synthetic resin  to the 
upper face. Aggregate or pebbles are then spread over the coating 
and become embedded in the resin , which is  allowed to set. The 
process is  eost easily  carried out by locating tha panel in a 
surrounding Treats, the Balls of which project several inches above 
the surface of the sheet. The aggregate can be heaped dn in excess 
of that required, so that its  weight assists in eatbedding tha f i r s t  
layer. After hardening, the excess aggregats is  reeoved simply 
by upending the panels, allowing the surplus to f a l l  ofr and be reused.
By suitable selection of materials, an attractive surface 
appearance can be achieved. for example,
( i )  Colouring pigments or suitable agents giving 
a desired colour or sheds may be added to the
*Dept. o f C iv il Engr., University of Strathclyde, Glasgow, Scotland
**Dept. o f C iv il Engr., University of Strathclyde, Glasgow, Scotland
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resin
( i i )  A n y  t y p e  o f  s h o p e  o r  c o l o u r  o f  a g g r e g a t e  o r  p e b b l e ' c r u s h e d  f i b r e '  o f  t h e  p l y w o o d  s u r f a c e  m a k e s  a n  e x c e l l e n t  9 e a l «  T h e
m a y  b e  u s e d .  W i t h i n  r e a s o n ,  t h e r e  i s  l i t t l e a g g r e g a t e  i n  c o n j u n c t i o n  w i t h  a n y  s u i t a b l e  f i l l i n g  a g e n t s ,  p r o t e c t s
l i m i t a t i o n  a s  t o  s i z e ,  a s  i n  t h e  c o n v e n t i o n a l t h e  r e s i n  f r o m  t h e  a g e i n g  e f f e c t s  o f  t h e  s u n ' s  r a y s .
p e b b l e  d a s h  t y p e  o f  f i n i e h ,  w h i c h  r e l i e s  o n S o m e  a c c e l e r a t e d  t e s t s  h a v e  b e e n  c a r r i e d  o u t  o n  p a n e l s  u s i n g
a g g r e g a t e  b e i n g  t h r o w n  a g a i n s t  t h e  m o r t a r  c o v e r e d s o a k i n g  f r e e z i n g  a n d  h e a t i n g  c y c l e s  o f  g r e a t e r  s e v e r i t y  t h a n  w o u l d
w a l l .  f a i r l y  l a r g e  s t o n e s  m a y  b e  u s e d  i f  d e s i r e d n o r m a l l y  b e  e n c o u n t e r e d  i n  u r b a n  e n v i r o n m e n t s .  N o  d i s l o d g e m e n t
f o r  o r n a m e n t a l  e f f e c t s . o f  t h e  a g g r e g a t e s  o c c u r r e d .
( i i i )  B l e n d i n g s  w i t h  t r a d i t i o n a l  f i n i s h e s  s u c h  a s
T h e  p a n e l s  s h o w n  i n  P l a t e  1 h a v e  b e e n  e x p o s e d  f o r  s o m e  1 8  m o n t h s
r o u g h c a s t  a r e  e a s i l y  a c h i e v e d .
t o  a t m o s p h e r i c  c o n d i t i o n s  i n  t h e  W e s t  o f  S c o t l a n d .  A l t h o u g h  t h e
( i v )  m i x e d  s i z e s  o f  s t o n e s  o r  c o l o u r s  m a y  b e  a c h i e v e d  b y
e d g e s  a r e  u n p r o t e c t e d ,  n o  v i s i b l e  s i g n s  o f  d e t e r i o r a t i o n  a r e  y e t  
e v i d e n t .  H o w e v e r ,  s i n c e  e a r l i e r  i n f e r i o r  r e s i n s ,  w i t h  n o  p r o t e c t i v e
a r a n d o m  p l a c i n g  o f  o n e  s i z e  o r  c o l o u r ,  a n d  t h e
a g g r e g a t e s ^ h a v e  b e e n  u s e d  s a t i s f a c t o r i l y  u n d e r  e x p o s e d  c o n d i t i o n s
s p a c e s  f i l l e d  u p  w i t h  a n o t h e r  v a r i e t y .
i n  b o a t s ,  i t  m u s t  b e  e x p e c t e d  t h a t  w e a t h e r i n g  p r o p e r t i e s  s h o u l d  b e
( v )  P o r t i o n s  o f  t h e  p l y w o o d  o r  a s b e s t o s  m a y  b e  b l o c k e d
v e r y  g o o d .
o f f  f o r  a d d i t i o n a l  d e s i g n  e f f e c t s  s u c h  a s  m o s a i c
a p p l i c a t i o n • C O M P A R A T I V E  C O S T S
T h e  f i n i s h  s h o u l d  r e q u i r e  l i t t l e  o r  n o  m a i n t e n a n c e  o v e r  a C o m p a r a t i v e  c o s t s  w i l l  d e p e n d  o n  t h e  p a r t i c u l a r  c o u n t r y  a n d
l o n g  p e r i o d  o f  t i m e .  L i t t l e  s k i l l  i s  r e q u i r e d  o n  t h e  p a r t  o f  t h e
l o c a t i o n ,  a n d  n o  f i r m  f i g u r e s  c a n  b e  g i v e n .
l a b o u r  f o r c e  i n v o l v e d  i n  t h e  p r o d u c t i o n  o f  t h e  p a n e l s .
In B r i t a i n ,  t h e  c o s t i n g  m u s t  b e  b a s e d  o n  i m p o r t e d  p l y w o o d s
P l a t e  1 s h o w s  a 5  f t  x 3  f t  p l y w o o d  p a n e l  b e f o r e  a n d  a f t e r
a n d  h o m e - p r o d u c e d  r e s i n s .  In t h a t  c a s e ,  t h e  p l y w o o d  s h e e t  w i t h
r e n d e r i n g  w i t h  a J  i n  t o  }  i n  a g g r e g a t e .
r e s i n / a g g r e g a t e  s u r f a c e  c o m p a r e s  f a v o u r a b l y  w i t h  a p r i m e d  b u t  
u n p a i n t e d  w e a t h e r b o a r d i n g ,  a n d  i s  c h e a p e r  t h a n  t h e  s k i l l e d  p r o c e s s
S I T E  C O N S T R U C T I O N w h i c h  i t  r e s e m b l e s  m o s t  c l o s e l y ,  p e b b l e  d a s h i n g  o n  c e m e n t  r e n d e r i n g
T h e  s i t e  j o i n t i n g  o f  t h e  m o d u l a r  u n i t s  m a y  b e  e f f e c t e d  b y  t h e h u n g  o n  w i r e  m e s h ,  y e t  i t  h a s  m u c h  g r e a t e r  s c o p e  f o r  a g g r e g a t e  s i z e s
u s u a l  m e a n s  o f  n a i l i n g  s t u d  t o  s t u d ,  w i t h  p l a t e s  t o p  a n d  b o t t o m  t o a n d  b a c k g r o u n d  c o l o u r i n g s .  I t  i s  a l s o  a c h e a p e r  p r o c e s s  t h a n  u s i n g
a d d i t i o n a l  j o i n i n g  p l a t e s ,  o r  b y  c o a c h  b o l t s  i f  f u t u r e  d i s m a n t l i n g o r n a m e n t a l  t i m b e r  o v e r l a y s .
i s  e n v i s a g e d .  T h e  t o p  a n d  b o t t o m  p l a t e s  c a n  b e  s e t  b a c k  s u f f i c i e n t l y
f r o m  t h e  e d g e  o f  t h e  p l y w o o d  a s  s h o w n  i n  F i g .  2 A  ( d i a g .  4 )  t o  a l l o w I N F L U E N C E  O F  S U R F A C E  F I N I S H  O N  S T I F F N E S S  O F  P A N E L S
a n  o v e r l a p  o f  t h e  f o u n d a t i o n  p l i n t h  o r  v a i l ,  a n d  a t  t h e  t o p  f o r  t h e I f  t h e  s t r e n g t h  a n d  s t i f f n e s s  o f  t h e  p a n e l s  c a n  b e  i n c r e a s e d  b y
a d d i t i o n a l  l o n g  t o p  p l a t e  c r o s s i n g  t h e  p a n e l s . t h e  s u r f a c e  f i n i s h ,  i t  m i g h t  b e  f e a s i b l e  t o  r e d u c e  t h e  t h i c k n e s s  o f
P o s s i b l e  d e t a i l s  o f  t n e  e x t e r n a l  f i n i s h i n g  o f  t h e  v o r t i c a l t h e  p l y w o o d  s h e e t  e m p l o y e d ,  a n d  h e n c e  r e d u c e  c o s t s .  C o n s e q u e n t l y ,
j o i n t s  a r e  s h o w n  i n  F i g .  2 A  ( d i a g s .  1 ,  2 a n d  3 ) .  D i a g r a m  1 s h o w s t e s t s  m e r e  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  t h e  a g g r e g a t e
a m a s t i c  b u t t  j o i n t ,  t o  u i h c i h  c a n  b e  a d d e d  s o m e  f o r m  o f  o v e r l a y  i f r e n d e r e d  f i n i s h  o n  t h e  s t i f f n e s s  o f  a p l y w o o d  s h e e t .  f o r
d e s i r e d .  T h e  a l t e r n a t i v e  f o r m  o f  b u t t  j o i n t  s h o w n  i n  d i a g r a m  2  u s e s s i m p l i c i t y ,  s i n c e  t h e s e  w e r e  p r e l i m i n a r y  i n v e s t i g a t i o n s ,  t e s t s  w e r e
a d d i t i o n a l  s t r i p s  n a i l e d  t o  t h e  v e r t i c a l  s t u d s ;  t h e s e  c o u l d  b e c a r r i e d  o u t  o n  b e a n  s p e c i m e n s  s u b j e c t e d  t o  p u r e  b e n d i n g .
s i m i l a r l y  r e n d e r e d  s t r i p s  o f  w o o d ,  o r  s o m e  o t h e r  s u i t a b l e  f o r m . T h e  p l y w o o d  u s e d  i n  t h e  i n v e s t i g a t i o n  w a s  a C a n a d i a n  e x t e r i o r
T h i s  f o r m  o f  j o i n t  h a s  t h e  a d v a n t a g e  t h a t  t h e  s t u d s  a c t  a s  b o u n d a r y g r a d e  p l y w o o d  h a v i n g  t h r e e  r e s i n - b o n d e d  l a m i n a  o f  e q u a l  t h i c k n e s s .
w a l l s  f o r  t h e  r e s i n  w h e n  i t  i s  b e i n g  p o u r e d .  I f  a n  o v e r l a y  a t r i p T h e  a v e r a g e  t h i c k n e s s  o f  t h e  s e c t i o n  w a s  0 . 2 7  i n .  a n d  t h e  a v e r a g e
i s  c o n s i d e r e d  u n d e s i r a b l e ,  t h e  m e t h o d  o f  d i a g r a m  3  c a n  b e  u s e d  t o t h i c k n e s s  o f  e e c h  D o u g l a s  F i r  v e n e e r  0 . 0 9  i n .
m a k e  a p o s i t i v e  g a p  w h i c h  c a n  b e  s u b s e q u e n t l y  f i l l e d  w i t h  a n  e l a s t o m e r A s e r i e s  o f  b e a m  s p e c i m e n s ,  2 4  i n .  l o n g  a n d  2  i n .  w i d e /w a s  c u t
s e a l e r  o r  a s u i t a b l e  r e s i n  f i l l e r  i n  w h i c h  m a t c h i n g  a n d  c o n c e a l i n g f r o m  a s t a n d a r d  8  f t .  x 4  f t .  s h e e t .  T h e  s a m p l e s  w e r e  t a k e n  a t
a g g r e g a t e s  m a y  b e  e m b e d d e d  b y  h a n d  p l a c e m e n t .  U / h i l s t  t h e  t h i r d r a n d o m ,  a n d  d i v i d e d  i n t o  t w o  g r o u p s  o f  s p e c i m e n s  w i t h  t h e  g r a i n
m e t h o d  m i g h t  b e  c o n s i d e r e d  m o s t  a t t r a c t i v e  i n  p r e s e n t i n g  a i n  t h e  o u t e r  v e n e e r s  r u n n i n g  r e s p e c t i v e l y  p a r a l l e l  a n d  p e r p e n d i c u l a r
h o m o g e n e o u s  s u r f a c e ,  s u c h  a r e  t h e  p o w e r f u l  a f f e c t s  t h a t  c a n  b s t o  t h e  s p a n .  T h e  f i n i s h e d  s u r f a c e  w a s  n o t  s a n d e d  o r  p r e p a r e d  i n  a n y
o b t a i n e d  w i t h  c o l o u r e d  r e s i n s  a n d  a g g r e g a t e  v a r i a t i o n s  t h a t  a  b o l d w a y  a f t e r  c u t t i n g ,  a s  t h i s  t e n d s  t o  r e d u c e  m e c h a n i c a l  a d h e s i o n ,
j o i n ,  o r  t h i n  l i n e  d i s c o n t i n u i t y ,  c a n  b e  a e s t h e t i c a l l y  a c c e p t a b l e . w h i c h  m i g h t  b e  o f  i m p o r t a n c e  w h e r e  n e i t h e r  h e a t  n o r  p r e s s u r e  i s
W E A T H E R I N G  P R O P E R T I E S
a p p l i e d  t o  t h e  r e s i n  f i l m .
T h e  a d h e s i v e  u s e d  w a s  a c o m m e r c i a l  g e n e r a l  p u r p o s e  p o l y e s t e r
S i n c e  t h e  o u t e r  s u r f a c e  f a c i n g  t h e  e l e m e n t s  c o n s i s t s  o f  m o r e
r e s i n ,  a p p l i e d  i n  a l a y e r  o f  a v e r a g e  t h i c k n e s s  0 . 0 4  i n .  I n  o r d e r  t o
t h a n  8 0  p e r c e n t  a g g r e g a t e ,  t h e  c o m b i n e d  o u t e r  a r e a s  p r e s e n t  a l a r g e
w i n d  d r y i n g  a r e a .  ( I n  t r a d i t i o n a l  S c o t t i s h  h o u s e s ,  b u i l d e r #  h a v e
m a i n t a i n  a s e n s i b l y  c o n s t a n t  f i l m  t h i c k n e s s  d u r i n g  t h e  s e r i e s  o f  
t e a t s ,  a  s m e l l  f o r m w o r k  w a s  c o n s t r u c t e d .  T h i s  t o o k  t h e  f o r m  o f  a
r e l i e d  o n  t h i s  f a c t o r  i n  t h e  r o u g h  c a s t i n g  p r o c e s s  t o  a s s i s t  i n p e r s p e x  f r a m e  w h i c h  c o u l d  b e  f i t t e d  a r o u n d  t h e  s a m p l e  a n d  w e d g e d
p r e v e n t i n g  m o i a t u r e  p e n e t r a t i o n ) .  T h e  r e e i n  i t a e i f  f o r m s  a t i g h t l y  t o  f o r m  a t a n k  a b o u t  a n  i n c h  d e e p .  A  m e a s u r e d  a m o u n t  o f
w a t e r p r o o f i n g  m e d i u m ,  a n d  w i t h  t h e  d e e p  p e n e t r a t i o n  i n t o  t h e r e s i n  w a s  p o u r e d  o n  t o  t h e  s a m p l e ,  a n d  a l l o w e d  t o  s e t t l e  o v e r  t h e
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surface. The aggregate m s  than poured into the tank, and the 
resin ailomd to sat for twenty Minutes, after which the frame was 
removed and the loose aggregate shaken off. The samples were then 
allowed to set for three days before testing.
The aggregate used m e  a washed pit gravel passing a $ in. 
sieve and retained by a 3/16 in. aieve. A visual examination 
indicated that the presence of this aggregate did not produce a 
total discontinuity in the resin filet, and it was assumed that, for 
theoretical calculations, the section consisted of a plywood base 
with a resin outer veneer. However, during the first series of 
tests, there was some indication that some of the pebbles on a 
compression face, might be coming into contact. As a result, 
further samples were prepared using similar gravel passing a 3/16 in 
aieve and retained by a i in. sieve, in order to examine the effect 
of aggregate size.
The beam specimens were supported on knife edges, 16 in. apart, 
in a test frame. Equal dead weights were applied at the quarter- 
span positions to give a state of pure bending over the central semi- 
span, and the central deflection measured by dial gauge. Readings 
were taken both when loading and unloading, and the stiffness 
deduced from ordinary beam theory.
In all, forty specimens were tested, as follows: twenty with
grain parallel to span and with $  in. aggregate ; ten with grain 
perpendicular to span and with § in. aggregate, and ten with grain 
perpendicular to span and with 3/16 in. aggregate.
Each specimen was tested initially with each face in tension.
One surface was treated, and the tests repeated with the treated 
face in both tension and compression.
All tests were non—dsstructive in ordsr that comparative results 
could be obtained, since the production of identical samples m s  
impossible, and a vsry largs number of tests would bs required to 
give statistically significant results for destructivs tasta.
The average test results wars as follows:
TABLE 1. Experimental tfaluea of flexural Stiffness El (lb in2).
Teat No. of Specimens
Untreated 
face in Tension
Treated
face in Tension
Percentage
Increase
(a) (b) (•) (b) (a) (b)
1 20 6410 6250 8390 9840 37 63
2 10 440 460 1330 2500 214 449
3 10 440 440 1660 2450 280 454
Notes:
Teat 1 : Outer Veneer grain direction parallel to span.
face (a) treated with resin and § in. aggregate.
Teat 2 : Outer Veneer grain direction perpendicular to span.face
(a) treated with resin and £ in. aggregate.
Test 3 : Outer Vsneer grain direction perpendicular to span.face
(a) treated with resin and 3/16 in. aggregate.
DISCUSSION Of RESULTS
The tests indicate that a substantial increase in stiffness is 
produced by the rendering process, the increase being most mrked 
in the weskar direction. The increase in stiffnese is always greater
when the treated face is on the compression side in bending. The 
ratio of the stiffnessee of the specimen when the outer grain lies 
respectively perpendicular and parallel to the span increases on 
average from 1/14.4 to 1/5.8 or 1/4.0 (the two figures referring 
respectively to the cases when the rendered face is in tension 
or compression). Consequently, the effect of the treatment is to 
produce a much more isotropic and homogeneous panel.
If the same increases in stiffness were to be produced by 
increasing the thicknees of the plywood panel, increases of some 
12-17% would be required for specimens with outer veneer grains 
parallel to the span, and some 45-75% with outer grains perpendicular 
to the span.
Although, in view of the scatter obtained, the results cannot be 
regarded as conclusive, slightly lower stiffness values are obtained 
with the larger-sized aggregate used. This may be due to a reduction 
in the thickness of the resin layer.
The results refer only to the preliminary series of tests, 
further inveetigatione are planned to examine more thoroughly the 
influence on both direct and flexural stiffness and strength of resin 
thickness, plywood thickness, and type of aggregate.
OTHER MATERIALS
Although discussion has centred on rendered plywood panels, the 
same technique could be used to produce a similar aesthetically 
pleasing surface to asbestos sheets. These may be used in a 
corresponding manner for structural purposes.
CONCLUSIONS
A description has been given of a simple technique for producing 
resin-bonded aggregate-rendered plywood exterior wall panels for 
domestic structures. The panels are suitable for low-cost housing 
dssigned on a modular basis, since they can be manufactured quickly 
and cheaply under factory conditions. They are easily erected, require 
little maintenance, and produce aesthetically pleasing appearances. 
Little skill is required either in the production or the erection of 
the panels, and their use obviates the need for any skilled finishing 
trades for the walls.
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A Building System Using Pricest Concrete Sandwich 
Panels From Footing to Roof
By
B . L . Hansen* and J . 0. Curtis**
Precast concrete wall panels have many desirable qualities for use 
in housing such as durability, strength, waterproofness, vermin proofness, 
fire safety, appearance, low maintenance, and reasonable cost. Also, local 
materials and labor can be used.
Since 1964, the Department of Agricultural Engineering at the Uni­
versity of Illinois, Urbane, has been developing a system that uses pre­
cast panels 4 feet wide and 5% inches thick. These extend from footing 
to roof thus eliminating the conventional foundation. Up to 2 inches of 
a foam plastic insulation can be placed in the center of the panel.
Continuous wall insulation is achieved by extending the foam core to 
the edges of the panels and by anchoring the panels so that no columns 
are used. Figure 1 shows how this is done. The lower end of the panel 
is fixed in the notched footing and at least 12 inches above this point 
the panel is anchored to the concrete floor. This holds the panel erect 
without columns. The joint between panels is coaipleted by inserting a 
piece of foam plastic in the center and placing mortar or caulking inside 
and out. This completes the section of wall-foundation, perimeter and wall 
insulation, and inside and outside surfaces.
Our goal was to work out equipment and procedures to provide in­
terior and exterior surfaces in the casting operation which are acceptable 
for housing without added finishing operations on the job other than paint­
ing. We have succeeded in this. Also, we have developed handling equip­
ment to make the operations of casting, handling and erection simple and 
economical.
DESIGN OF HALL PANELS 
Design Loads and Analysis
Concrete wall panels, like other structural members, must be de­
signed to resist the loads to which they may be subjected. Such loads 
include the wind, snow, and dead loads that are applied vertically or 
parallel to the panel face by roof frames; the wind load that acts 
perpendicularly to the panel; and erection loads.
The design loads that were used were those recoasmnded in ASAE R
288.2 (1). A study of the different loads and combinations of loads that
might reasonably be expected to act on the panels Indicated that vertical
loads from wind and snow as applied by the roof freams could safely be
Ignored in designing the panels. Thus the panels were designed to resist
erection loads using the tilt-up method, and lateral loads caused by wind. 
Wind loads were based on a maximum wind speed of 85 mph at 30 feet above­
ground.
The detailed procedures used to determine the critical design momenta 
resulting from both wind and erection loads are straightforward and are 
therefore not presented here. The assumption was made that the insulated 
panels would be used in a closed building 32 feet wide with fairly large 
areas that could be opened. Thus, internal wind pressures ware assumed, 
and two walls ware considered to be effective in resisting the lateral wind 
loads. This assumption resulted in loads on the panels due to wind as 
shown in Figure 2.
*Professor of Agricultural Engineering, University of Illinois, Urbane-Chaaq>algc
**Frofeasor of Agricultural Engineering, University of Illinois, Urbana^hampaign
Table 1 shows the moments used in the design. Critical moments in 
the panels due to tilt-up erection loads were of course at mid-height and 
those due to lateral loading were at floor level.
ZABLE 1. DESIGN MOMENTS (FT-LB PER FT OF PANEL WIDTH)
Panel length
Loading (floor to eave)
8 ft 10 ft 12 ft
Wind 435 658 924
Erection 443 661 923
TABLE 2. VERTICAL STEEL REQUIRED IN A 
SANDWICH FOOTING-TO-ROOF PANEL 
(4 FT WIDE)
Well height 
feet
(floor to eave)
Number and size of deformed 
steel reinforcing bars in 
each face
8 6 - No. 3
10 8 - No. 3
12 11 - No. 3
Structural Design of Panels
The panels were designed in accordance with ACI Standards— ACI 
318-63 (2) and ACI 525-63 (3)— in so far as they were applicable. Ultimate- 
strength design procedures were used. Values used for compressive strength 
of concrete and yield strength of reinforcement were, respective, f » 4000 
psl and fy - 40,000 pal. Only the reinforced concrete portions of the 
panels were assumed to be effective in resisting the applied loads. In 
other words, no credit was given for any composite action between the con­
crete and polystyrene portions of the panel. This assumption of course was 
conservative. Figure 1 shows the details of a sandwich footing-to-roof 
panel. Table 2 shows the vertical reinforcing steel required in the 
center of each face of the panels. Horizontal reinforcing steel should 
be No. 3 bars and should be spaced about 24 Inches apart. These are 
placed on the inside of the vertical steel. Anchors are required at 
floor level and in the top of the panel.
BUILDING LAYOUT AND CONSTRUCTION DETAILS 
One panel width plus a mortar joint equals 4 ft. therefore, one 
dimension of a rectangular building can be laid out in 4 ft. modules.
The other dimension is 7% Inches more than the required 4 ft. modules because 
of the corner detail. (Fig. 3) -
The edges of the panels have a slight taper for easier removal 
from the molds. This makes the outside width of the panel 3'-11 3/4" and 
the inside width 3'-ll 1/2" resulting in mortar Joints of 1/4" outside and 
1/2" Inside. (Pig. 3)
All panels are the same width. The only special panels are right and 
left corners. (Fig. 3) For these the foem Insulation la cut 1 3/4 in. 
short of the edge and a 2" x 6" filler Is placed in the mold to form a 
notch. Panels are made shorter to provide the proper rough openings for 
windows.
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Window frames may be anchored to wooden wedges driven into the foam 
insulation on either side (F ig. 4 ) .  I f  only a fixed  sash is needed this 
can be in sta lled  in the opening without a frame. Notches are cut into the 
foam; the glass is inserted and a kn ife  grade putty or sealant is applied 
along the edges. (F ig . 5)
Footings
The bottom ends of wall panels must be fixed in the footing.
A footing could be cast with a notch, but this is  not too practical.
Sections of footings may be precast as shown in Figure 6. An alternate  
method is  shown in Figure 7. This is  a very p ractical method. Small 
pads of concrete are placed level to support the panels then more concrete 
is  placed in the trench to a height of one inch above the bottom of the 
panel. The trench should be dug a few inches deeper than ncessary and 
a layer of sand put in before setting forms or precast footings.
One or Two-Story Construction
Suggestions fo r one and two story construction are shown in figures 
8, 9 and 10. Only the lengths of panels are changed.
Joints Between Panels
Figure 3 shows the joint between panels. It  is % inch wide out­
side and % inch wide inside. A wedge of p lastic  foam is placed in the 
jo in t. This insulates and acts as a stop when placing mortar.
A very satisfactory  joint can be made with a cement-sand tuckpointing 
mortar which is placed with a caulking gun. These specia lly  prepared mortars 
work in guns, they expand when they set and are strong and waterproof.
There are many other sealants to choose from too. However f i r s t  cost favors 
the mortar.
CASTING PANELS
Concrete Molds
One-piece concrete molds are used to cast panels f la t .  These molds 
are low-cost and hold their shape on any surface. Figure 11 shows a 
method of making a core firs t  then casting a mold over the core. The 
core could be a wall panel.
The sides of the mold slope 1/8 inch in 5 1/2 inches so that the 
wall panels can be removed eas ily .
Liners for Molds
It  is d i f f ic u lt  to make a mold without imperfections. This makes 
it  d i f f ic u lt  to remove the wall panel. This can be overcome by using a 
thin lin e r  in the mold. Another advantage of this is  to give a variety of 
textures to the inside wall surface. For Instance a silicone  coated paper 
w ill expand and form wrinkles. Embossed stee l sheets are now available  in 
many patterns and in sizes needed. Hardboard form lin ers and textured ply­
wood or boards can be used. A s tee l liner either smooth or esfeossed is  
very practical.
Steps in Fabricating a Panel
A fter the mold is set up, and a form coating applied, the bar which 
holds the two anchors at floo r leve l is  placed in the mold. (F ig. 12)
Two short plugs are used instead of the anchors while the f i r s t  layer of 
concrete is placed. A fter the f i r s t  layer of concrete is screeded o ff  
(F ig . 13) these plugs are replaced with the anchors. Figure 14 shows 
anchors in the top of the panel. These are bolted to the end form during 
casting. The end form is made of 2" lumber bolted to the end of the mold.
A 1 3/4 inch layer of concrete is then placed in the mold. This 
must be vibrated enough to remove a l l  a ir  pockets on the surface. The 
steel reinforcement is then la id  on the concrete and vibrated so that the 
ve rt ica l bar is in the center. The horizontal bars are next to the 
foam insulation which is  now placed on top. This is notched for the 
anchors. The top layer of concrete is now placed and the steel vibrated  
to proper depth. Figure 15 shows an angle iron frame designed to place 
the stee l accurately.
Finishing the Top Surface (ex terio r wall surface)
A variety of fin ishes can be used. However, one practical method 
is to use a vibrating screed followed immediately with a metal flo a t , 
then a broom fin ish  inmediately. This is contrary to recommendations fo r  
fin ish ing f la t  slabs , but it  eliminates going back la te r  for fin ish ing  
and i t  gives more uniform surfaces with a minimum of labor and supervision  
The texture is pleasing and the surface paints well.
Concrete Mix
The panel design is based on a 4000 psi concrete. Because the 
thickness of the concrete face is  only 1 3/4 inches with No. 3 bars fo r  
reinformcement, i t  is  necessary to lim it the maximum size  of aggregate 
to about 3/8 inch. A well graded aggregate from fine to 3/8 inch w ill  
help provide a surface next to the form liner without a ir  pockets. With 
poorly graded aggregate a richer mix may be necessary.
HANDLING EQUIPMENT
Wall panels weigh about 200 pounds per foot of length. Equipment 
must have a capacity fo r l i f t in g  at least 2000 pounds fo r 10 f t .  long 
panels and 4000 pounds for two-story panels, plus the weight of the 
vacuum l i f t e r .
A vacuum l i f t e r  is idea l for removing panels from molds, stack­
ing, loading and erecting. With a vacuum l i f t e r  panels can be handled 
horizontally and casting can be done under roo f. With a two cable crane 
and two pickup points on the vacuum l i f t e r  the panel can be li f te d  into 
a ve rtica l position fo r setting.
A transporter of some kind is needed to carry the l i f t e r .  Figure 
16 shows a converted farm tractor. Fork l i f t s  or other conmerclal 
carrie rs could be used. A fork  l i f t  would be useful fo r loading trucks 
too.
At the build ing site  a two cable crane is ideal to unload panels 
in a f la t  position and to set them v e rt ic a lly .
ERECTION HARDWARE
When the panel is set on the footing a brace is  needed to hold the 
panel safe ly  in a v ertica l position while the vacuum l i f t e r  is  removed. 
Figure 17 shows a stake made from two angle irons and a tumbuckle which 
hooks into the stake and fastens to a 2" x 4” brace which in turn is  a t ­
tached to a piece o f strap iron bolted to the top of the panel. F ina l 
adjustment is  easy to obtain.
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Figure 1. Details of sandwich footing-to-roof panel.
Figure 3. Layout de ta ils .
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Figure 4. Door or window detail.
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Figure 2. Lateral loads on panels due to wind.
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Figure 3. Fixed glass detail.
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Figure 6. Details for precast concrete footings.
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Figure 8. D etails fo r two story or basement and f i r s t  floo r.
Figure 9. A conventional home bu ilt of concrete panels, showing window
walls and privacy windows. Only the length o f panels is changed.
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Figure 10. Interior surfaces may have a variety of textures depend­
ing upon the mold liner used.
S T E E L  S C H E D U L E
M X SIZE S H A P E  A N D  DIME N S I O N NO. T O T A L  FT.
A N O J 9 -  •' 6 60
B N 0 3 S ^ L  3 1 - 9 -  13 + II 60
C was 9'- 8' 6 60
D N0.3 6*1---- A' —  A" I#* 11 80
Figure A method of making a concrete core and casting a mold over it.
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Figure 12. Caatlng details for locating anchors at floor level.
Figure 13. Wooden screeds for botton and top courses.
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Figure 14. Top anchor detail.
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Figure 15. Angle iron frame for placing s tee l in both sides of panel.
Figure 16. A  converted farm tractor to carry vacuum lifter and panels.
Figure 17. A stake and a tumbuckle which is attached to a 2 x 4 
brace for holding panels erect.
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"THE BUCKLE-SHELL"
As ably suasarlzed by Runle [1J1 , tvo principal relations influence 
tne development of every nev form of sbell structure:
1. The relation between shape and load-carrying capacity
wnich governs the proportion of the costs for materials;
1’. The relation between shape and construction procedures, 
wnich governs tne proportion of the costs for labor and 
construction equipment.
i’ne interaction between these two relations is quite complex; however, since 
there is an inherent economy of materials in most doubly-curved thin shells, 
the relationship between snape and construction procedures becomes of paramount 
importance in minimizing the hign cost of labor.
It is not surprising, therefore that there has been considerable interest 
recently in simplifying construction for shell structures. This is evidenced 
by the many ingeneous structural concepts which have been suggested by numerous 
researchers. The following paragraph, although not intended to present a 
comdete history of this work, does serve to illustrate the breadth of potential 
solutions to the problem that have been proposed.
Waling, Ziegler, and hemmer [2] describe a method of forming concrete 
hyperbolic parabaioid shells using gridworks of wires along with plastic foam 
boards, thereby eliminating shoring, bracing, and formwork. Marsh [3] Otto [1*1 
and Paraskevopoulos et al [7] discuss variations of a lift-shape process which 
involves lifting a deformable gridwork of bars from a flat to a shell shape.
Ctto [ L ] also describes pneumatically formed shells. Paraskevopoulos et al 
report on rigidizea minimum-surface structures [7] tne bases of which are 
suspended cores of plastic foam. Industrialized building concepts fora an 
important aspect of methods studied by Gilkle and Robak [6], Brainov [8], Piano 
[9l. Holey and Tanaom [10], and Paraskevopoulos et_ al [ll]. Along these same 
lines, Vakowski and Zerning U-3J have developed a method of using a plastic 
webbing as an economical Torn for manufacturing sejpsents of glass reinforced 
plastic snell structures.
All of the above processes are seen to be designed to reduce the cost of 
constructing sneil structures either by minimizing formwork end bracing or by 
industrializing as much cf the construction as possible. It is also noteworthy 
that many of the concepts descrioed entail the use of structural plastic either 
as an essential part of the finished structure or as part of the forming technique, 
kakowsui [ 5, 12 ] who has described the role of plastics in building construction 
very clearly, indicates that plastics should be used not as substitutes for 
conventional materials Dut rather they should be used In such a way as to exploit 
their unique advantages while minimizing their disavantages.
A New C o n c e p t  - "The Ruckle-Thell"
A n e w  m e t h o d  for 3hell roof construction conceived about five years ago by 
W a l i n g ^ ' n o t  only f u l f i l l s  these criteria for proper use of plastics, but in
Numbers in brackets refer to items In list of references.
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addition also optimizes Ruhle's shape-construction relationship with little or 
no detrimental interaction on the shape-load carrying relationship.* This so- 
called "buckle-shell” method virtually eliminates formwork and is potentially , 
adaptable to industrialized construction.
This new method consists of the following: (1) A core of relatively soft, 
low modulus material is assembled as a flat plate of the desired shape; (2) a 
high modulus thin stiffening skin is applied to the upper surface of this plate;
(3) the plate is then buckled from its flat position by a finite number of forces 
applied to its perimeter, the buckled configuration being amplified sufficiently 
to obtain adequate curvature to provide good esthetic and structural qualities 
for the shell; and (L) a stiffening skin is then placed on the under surface of 
the shell completing the "buckle-shell" structure. This sandwich construction 
results in an extremely strong, rigid and lightweight shell requiring neither 
shoring nor temporary stiffening during construction. With the proper choice 
of materials the resulting shell would be weatherproof, and would possess 
excellent innate Insulting qualities. Possible areas of application seem limitless 
ranging from private dwellings to sports arenas and from housing in unaerveloped 
countries to great airplane hangers. It quickly becones evident that many 
parameters are available as likely candidates for variation to create a never 
ending array of "buckle-shell" shapes. For example, such things as core thickness 
to shell span ratio, core and/or skin moduli, shape of original plate, arrangement 
of buckling forces, and amount of buckling deformation imposed, to a name a few, 
will have an effect on both ultimate shell shape as well as shell behavior. Fcr 
tbit reason a set of small scale qualitative experiments were carried out as tne 
first phase of a "buckle-shell" feasibility study sponsored by The Dow Chemical 
Company.
Small-Scale Experiments
Qualitative experiments concerned with examining the post-buckling 
behavior of flat plates of various configurations yielded many interesting 
posaible "buckle-shell" roof shapes, one of which is shown in Figure 1 along 
with an artist's rendering of how it might be used. The range of possible 
shapes can, of course, be further broadened by constructing the shell in 
sclents from Independently buckled plates. This method was used in developing 
the cruciform shown in Figure U, and is discussed in the following section vith 
the other large-scale experiments.
Large-Scale Laboratory Experiments
This portion of the research was in the nature of a feasibility study.
Two questions had to be answered: (1) Could a "buckle-shell" be developed 
which would meet the most severe load-carrying requirements in tlie contiguous 
United States; sad (2) Would such an erection technique work on a full-scale 
roof structure?
In considering question number one, it was decided to concentrate on one 
slxe, shape, and buckling load distribution throughout the series of experiments.
A square plate 9 ft on a side was chosen because of its half-size relationship 
to the largest shell that would fit into the laboratory work area (IS ft square). 
It was anticipated that tbe 18 ft square plate could be used eubsequently to 
form a full-size shell to answer question number two. A diagonal buckling load
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configuration was used in all of these experiments. In addition to the nine foot shell. This shell, which withstood this 80 psf load with deflection at the center
and eighteen foot square models, experiments were also run on so-called cruciform of only .287 in. (See Figure 2), is seen to be over four times stiffer than Shell
shells. No. 6. It Is believed that this experiment accomplished two things. It demonstrated
Nine Foot Sauare Models
that an extremely stiff, strong, and lightweight "buckle-shell" roof was possible
A series of six experiments with "buckle-shell" models based on nine foot
to achieve. It opened the way for more innovative thought with regard to future
square plates resulted in the development of a shell with the following
"buckle-shell" types.
characteristics:
Core: polystyrene  ^ foam 1" thick Eighteen Foot Square Shell
Skins: one layer of 18 oz woven roving on each face
With the successful completion of the nine foot shell series and the
C>)impregnated with epoxy adhesive. In cruciform shell experiment it was decided to fabricate and erect a full-scale
addition for added strength 19" and 6" wide
( 18 ft. square) "buckle-shell” to determine whether or not the "buckle-shell'
arches of 18 oz epoxy-impregnated woven roving,
technique would work on a larger scale. AIbo it was intended that this shell
respectively, along two diagonals and four edges be placed outside for observation of its capacity to withstand the elements.
on each face of shell.
The West Lafayette Park Department accepted an offer to install it in one of the
Rise to Diagonal
local parks for use as a picnic shelter. The steps taken during construction
Span, Ratio: l8"/132" achieved by an 8' shortening of each
and erection of the 18 ft model were similar to those already described for
diagonal chord during buckling. the 9 ft. shells. To date (September 1970) after more than three years of
This shell proved to possess a short-term ultimate strength under uniform service, the shell has successfully withstood numerous intense natural live
load of 60 psf, providing a factor of safety of 2 over a very high working load 
of bo psf. Although this is not a generous factor of safety for plastics materials 
( a more common factor of safety being in the range 3-5 ), it is felt to be adequate 
in view of the fact that measured strains were exceedingly low. The highest strain 
measured in the skin  ^** ^ was 612 Mil under a load of 80 psf; therefore, stresses
loadings.
in the skin were only a fraction of the skin's short terra ultimate strength. CONCLUSIONS
Strains in the cores were not measured; however, modes of failure have usually been 
through separation of the top skin and the core, local buckling of the top skin
From this research three important conclusions about "buckle-shells' can
or separation of shell from the support mechanism, rather than a strength failure
be drawn. First, from the small-scale experiments, it appears that there are
of either skin or core. Buckling of the shell as a whole has also not proved to
great many "buckle-shell" shapes that are both attractive and practical.
be a problem.
Secondly, it is now possible to construct a "buckle-shell" that will meet the
A load deflection curve for this shell (Snell No. 6) compared with prior
most severe load-carrying requirements in the contiguous United States; two
shell models is shown in Figure 2. It is seen from this figure that although different "buckle-shell" shapes— a cruciform and a 9 ft square model— witn-
Shell No. 6 is by far the stiffest of the square shell models, the deflection is stood live loads of up to 80 psf. Finally, the "buckle-shell' technique does
still rather large. This is due, of course, in part to the low modulus materials work on full-scale models. An 18 ft model was successfully erected and placed
from which the shell has been constructed. It is due even more however, to the in a local park as a picnic shelter, and to this date (September 1970) the shell
relative flatness of the central region of this shell. An Improvement of the has retained its structural integrity under severe loading effects. Current
geometry in this region would, of course, result in a marked Increase in strength experimental research efforts are aimed at determing size limitations, optimizing
of the shell. This consideration lead to experiments with what was termed a the design, and investigating other possible materials for "buckle-shell"
cruciform shell. structures. A finite element analysis of the erection procedure as well as the
Cruciform Shell
The cruciform shell was formed by buckling a 2 " thick flat cruciform plate 
into the shell configuration shown in Figure 3. The chords of the shell arches 
are 10% shorter than the original flat cruciform legs giving an arch with good 
curvature properties in the central region. To complete this shell structure
completed shell is also underway.
the open segments were partially filled in with 1" thick buckled trapezoidal 
plates and 1/2" thick buckled triangular plates as shown in Figure U. Skins over
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FIGURE 2 LOAD VERSUS DEFLECTION AT CENTER OF SHELL
A  HYFRR-ROOF CONCEPT FOR LOW-COST BOOSING
The goal of a alngle house set off on ■ private place of land 
for ovary family la an architectural doctrine that Is widely sub­
scribed to In amity parts of the world. With the present uncontrolled 
rate of population growth, continued adherence to this doctrine will 
lead to a worldwide urban sprawl of disastrous proportions. Housing 
construction based on this principle is characterised by retention 
of archaic fabrication methods and by the combination of escalating 
costs and declining workmanship that Is also observable In other 
products of our industrial age. These trends seem inexorable unless 
an abrupt change Is made In our approach to housing construction.
On the North American continent the Los Angeles area might 
be cited as an example of what the ’blngle-house" concept leads to In 
a rapid-growth city, while metropolitan Toronto is an example of an 
alternative approach employing high-rise apartments and condominiums 
to avoid having all the land occupied by single-family houses. In
John V.
this paper, a new approach to low-cost housing projects is proposed.
The concept is to enclose an entire complex of closely packed, pri- □ D R o d i---------
vately owned houses, community recreational facilities, and auxiliary
mechanical equipment under a single, transparent hyper-roof. The 
overall objectives are efficient utilisation of space, preservation 
of the principle of private ownership of one's house, and creation of 
a climate-controlled recreational area for year-round use. As an 
exaaiple, a complex for housing 10,000 people In an area of about 160 
acres Is used to study the structural and economic feasibility of the 
proposed system.
Structural Forma for Roof
Large-slse super-roofs measuring one or two miles In dlaaieter and 
covering entire cities have been proposed by Fuller [l]*  and by Zuk
[2] and have been mentioned with Increasing frequency by architects 
and city planners. Although the diameters attained In recently con­
structed free-span roofs are still In hundreds of feed rather than 
thousands. It would seem that the diameter of 2980 ft. required to 
enclose a circular area of 160 acres Is not an la^osslble goal. As 
a structural form for the proposed hyper-roof, the following contenders 
are considered in this paper: rigid frasmworks; Inflatable membranes; 
cable-suspended roofs; end a a ami-rigid dome presently being studied 
at State University of New York at Buffalo.
Rigid frameworks such as the aeodealc dome proposed by Fuller
[1] have been used extensively for large radames. As an exasqsle,
Wales [3] has described the radons enclosing the Bsystack radio-astron­
omy antenna at Tyngsboro, Massachusetts. This structure, sketched 
In Fig. 1, was designed by Lincoln Laboratory. It can be described 
as sin*-tenths of a sphere, ISO ft. In diameter, with a t rape so Ida 1 
hexacontahedron geometry, bploylng hollow aluminas members 3 in.
*?ro lessor of Inglnaerlng aad Applied Sciences, gtate University of New York at Buffalo.
*Nta^ ers In brackets designate references at and of paper.
Fig. 1. Haystack Radone at Tyngsboro, Massachusetts
by 5 in. In cross section and 9 to IS ft. long, the framework is made 
up of 930 triangular panels of IS different shapes and Is covered 
by 1/32-In.-thick fiberglass-reinforced polyester. Special design 
requirements for radomes leading to this configuration Include a 
random orientation of the metal members to prevent biasing In the 
Interference pattern and a thin skin to minimise the amount of Inter­
ference. By extending the principles embodied In the Haystack radome, 
It has been possible to consider a metal-space-frame radome that Is 
S60 ft. In dlasmter and eight-tenths of a sphere as an enclosure for 
the proposed NEROC radio telescope. Under the less restrictive design 
criteria for a roof over a housing complex, It would seem that space 
frameworks could reach diameters of a few thousand feet.
Inflatable structures have received considerable attention as a 
result of the expanding need for specialised structures In the space 
age [4,5]. Both the single-wall type with pressure elevation Inside 
the enclosure and the dual-wall type pressurised only within the wall 
have reached advanced stages of development, and diameters of several 
thousand feet are quite conceivable. Because of the need for foolproof 
nechanlcal equipment to maintain the pressure elevation, It would 
appear that this principle has at present too many disadvantages to 
be suitable as a hyper-roof for a housing complex.
Cable-suspended roofs have experienced a very rapid growth In 
Importance In recent times [6,7]. A typical arrangement employing a 
compression ring and a tension ring and a single set of cables Is 
sketched la Fig. 2. According to Bethlehem gteel Corporation [6], 
spans of ISO to 300 ft. are feasible for slag la-curvature surfaces 
with two eats of cables or for double-curvature surfacee with one sat 
of cables (as in Fig. 2). gpens of 200 to 400 ft. arm possible for
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double-curvature surfaces with two sets of cables. According to the 
American Iron and Steel Institute [8], the Oakland-Alameda County 
Arena has a cable-suspended roof with a diameter of 420 ft. The 
proposal of Zuk [2] Is for a diameter of one to two miles with a 
central tower and two sets of cables. Although he states that tech­
nology Is not yet to the point of making his idea realizable, it would 
seem that stepping up to a diameter of a thousand feet or so might be 
possible in the near future.
The structure being studied at SUNYAB Is a semi-rigid dome composed 
of an array of wide, shallow members prebuckled Into intersecting 
prestressed arches as shown In Fig. 3. The method of attachment of 
glass or other transparent roof panels to the framework Is visualized 
as suspension by a family of circumferential cables. Other arrange­
ments are also possible, e.g., "rigldlzing" the skeleton by horizontal 
ribs In place of the suspension cables. A preliminary computer analysis 
has been carried out by the author to determine the behavior of a single 
prestressed arch made from a buckled strut and under the action of 
simple loads [9]. It shows that the prebucked arch is capable of 
carrying a significant amount of vertical load and suggests that a dome 
made up of such arches may be a very promising contender for large- 
span hyper-roofs.
Interior Layout
With the arbitrary assumption of 5 persons per house, the sample 
complex being considered will contain 2,000 houses. It is visualized 
that each of these will occupy an area of 900 sq. ft. and will contain 
three living levels: the upper, or "ground", level would consist of 
a sun room occupying, say,225 sq. ft. and a patio or garden occupying 
the remaining 675 sq. ft.; the middle level would have all 900 sq. ft. 
devoted to housing space and might include bedrooms, bathrooms, and 
study. The lower, or "subterranean", level could use 450 sq. ft. for 
kitchen, dining room, and lavatory and the remaining 450 eq. ft. for 
car storage, etc.
Certain consnunity-owned facilities will form a part of the space 
enclosed under the hyper-roof, and it is envisioned that these will 
also occupy three levels.’ The upper level could contain foot paths, 
fountains, groves, and recreational facilities, the middle level 
utility lines, power plant and centralized smchanlcal equipment, 
offices, and shops, and the lower level access drives, caaseunity 
parking, and car service area.
A schematic diagram of vertical space allocation showing interaction 
between the privately owned areas and the casaunlty-owned areas as in 
Fig. 4. Since the 2,000 houses will occupy an area of 1,800,000 sq. ft., 
while the total enclosed area of 160 acres is about 7,000,000 sq. ft., 
there will be about 5,200,000 sq. ft. of community-owned area. This 
works out to about 261 or 42 acres private and 741 or 118 acres public.
Fig. 2. Cable-Suspended Roof
Fig. 3. Semi-rigid Prebuckled Doem
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Fig. 4. Schematic Diagram of Space Allocation
To decide on the spatial arrangements in the horizontal direction, 
it can be assumed that the houses will be rectangular in plan, will be 
mass produced, and will be surrounded by reinforced-concrete walls.
They can then be packed Into "blocks" of about ten houses each (two 
rows of five) which are set off so as to allow access to every house 
on the upper and lower levels.
Since the dome will be weatherproof, the roofing, insulation, 
and waterproofing requirements for the housing units will be considerably 
simpler than in conventional housing. Acoustically, however, each 
house should be as completely insulated as possible.
Economic Analysis
A very rough cost analysis in U.S. or Canadian dollars as of 1970 
can be carried out as a means of investigating the economic feasibility 
of the proposed scheme. Since very little experience is available in 
the types of construction employed here, the unit figures must be re­
garded as very tentative. With that in mind, the total costs of various 
parts of the system are as follows:
Roof:
$2.50/sq. ft. of enclosed area x 7,000,000 sq. ft. - $17,500,000
Houses:
($5.00/sq. ft. of floor space x 1575 sq. ft.
“ $7,880/house) x 2,000 houses _ $15,800,000
Land:
Private:
($5,000/acre x .0206 acres - $103/hou»e)
x 2,000 houses - $ 210,000
Community:
$5,000/acre x 118 acres - $ 590 ggg
Development of community-owned property, Including
initial cost of centralized mechanical equipment: $ 5,000,000
TOTAL $39,100,000
If this entire amount must be borne by the house purchasers, that makes 
the cost to each $19,500. Each owner must also pay a monthly fee for 
maintenance of the roof and community-owned property, as well as paying 
for utilities on a usage basis. Thus, it would appear that this housing
is not yet in the low-cost category. If it is assumed,..however, that 
the roof is financed out of public monies as part of an urban-develop­
ment program, the cost to the house purchaser is reduced to $10,800.
Mechanical Equipment
The centralized mechanical equipment for the proposed housing complex 
must include air-conditioning equipment capable of keeping the entire 
space enclosed by the roof at a controlled temperature, ranging, say, 
from 60°F daytime temperature in winter to 80°F daytime temperature 
in summer, as well as controlling humidity, filtering out dust, etc.
The utilities to be input to each house would include warm air (in 
winter) or cool air (in summer) for finer adjustment of temperature 
level, hot and cold water, electricity, and gas (probably purchased 
from the local utilities companies), communications (telephone and mail, 
radio and television signals), and provisions (possibly via an automated 
centralized distribution system). Output from each house would include 
wastewater, refuse, and outgoing communications. Water must be available 
for the vegetation under the roof, and drainage routes must be provided 
for this water.
Sociological and Psychological Aspects
The effects on human behavior of living under a consnan roof 
with many other persons is difficult to predict with existing sociological 
and psychdogical models. It would seem intuitively that there would 
be both beneficial effects such as enhanced community spirit and 
deleterious effects such as loss of feeling of privacy. Certainly 
there would arise greviances of various kinds, and some mechanism 
should be built into the organizational structure of the community to 
resolve these quickly and fairly.
Conelualona
The foregoing study indicates that there are many aspects of 
the proposed concept that are still in the stage of uncertainty.
But it does suggest that a hyper-roof approach to low-cost housing 
may be feasible, and it is at least possible that such an approach 
may lead to a much more successful type of low-cost housing than has 
been achieved in the past.
References
1. Fuller, R. B., Ideas and Integrities. Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey, 1963.
2. Zuk, W., "Super-Roofs," Progressive Architecture. September, 1963.
3. Weiss, H. G., "The Haystack Microwave Research Facility," IEEE
Spectrimi. February, 1965. .
4. proceedings M  _fche First International Colloquium on Pneumatic 
Structures. Stuttgart, Germany, 1967.
5. Tensile Structures. Volisee One (Pneumatic Structures), Frel Otto, 
Editor, The M.I.T. Press, Cambridge, Massachusetts, 1967.
6. Cable Roof Structures. Bethlehem Steel Corporation, February, 1968.
7. Tensile Structures. Volume Two (Cable Structures), Prei Otto,
Editor, The M.I.T. Press, Cambridge, Massachusetts, 1969.
8. Contemporary Structures 1970. American Iron and Steel Institute 
New York, New York, 1970.
9. Huddleston, J. V., "Behavior of a Steep Prestressed Arch Made from 
a Buckled Strut," to be presented at the 1970 Winter Annual Meeting 
of the A.S.M.E. and to appear in the Journal of Applied Mechanics.
134
LOW COST HOUSING IN THE PERSPECTIVE OF
METROPOLITAN CALCUTTA'S URBAN RENEWAL
By
S. Ghosh Dastldar*
INTRODUCTION
In any urban renewal or redevelopment scheme the area, where the 
scheme Is executed, generally houses a large number o f  people mostly 
of low Income group and the areas are mostly the central areas. This 
Is mainly because the Central area Is  most sensitive part o f an 
urban area and r e f le c ts  Its  character, and any change In the economy 
of the Country; the urban area or such other changes. With growth 
of the urban areas more number of people require coming to the centre 
for their work, and to accommodate th is  the area needs constant 
change to enable the areas being u t i lis e d  properly and ga in fu lly  with 
the change In ove ra ll situation . Any renewal scheme to be e ffec t ive  
a successful rehousing of the a ffected  people, specia lly  of low Income 
group, is to be handled ca re fu lly  otherwise their opposition sometimes 
with p o lit ic a l backing w i l l  make the schemes a fa ilu re .
In the urban renewal schemes those a ffected  may be divided mainly 
in to , (a ) those a ffected  by their live lihood or business and (b ) those 
affected  by their place of liv in g . In this paper the problems and 
p o s s ib i l it ie s  re la ted  to the later case spec ia lly  o f the low income 
groups have been examined and a su itab le  programming for the ir  housing 
has been discussed b e f ilt in g  their economy and economy of the area as 
w e ll.
A SHORT DESCRIPTION OF METROPOLITAN CALCUTTA:
As a reference a short description of Calcutta is  given here. 
However, most of the conditions mentioned here w ill a lso be applicable  
where the economic condition of the people is  of the same standard 
mainly in the developing countries.
The Calcutta Metropolitan D is tr ic t  (C .M .D .), referred  widely 
as Calcutta, is  almost a linear area extending along with the river  
Hooghly and occupies an area of about 490 sq. m iles. (1). This area 
may be divided into three major p a rts , namely, (a ) the core consist­
ing  of Calcutta and Howrah Corporations with a population o f about
3,603,000, (b ) other urban areas (approximately 2,390,000 population  
in  1961) and (c ) the other rura l areas.
Calcutta Metropolitan Planning Organisation (C.M.P.C.) project 
tion shows that by 1986 the C.M.D. will have a population of 11.22 to 
13.41 (2) million. Another estimate by Davis for 2000 A.D., shows 
Calcutta (C.M.D.) to have 36.6 to 66.0 (3) million people (lower & 
upper estimates). At present through ssutll scale public and private 
efforts new changes in the landuse occur mainly replacing residential 
uses but mostly without anu coordinated or planned effort and without 
giving due attention to its consequences. A recent survey (1961-66) 
shows that in the office area of Calcutta, the B.B.D. Bag (Dalhousle 
Square) area alone 96 (4) new smltlstorled (4 stories and above) 
structures have been built in place of older structures. With time 
this pace of change will further Increase to enable more ntaber of 
people to come to the center for their work.
AREA NEEDED FOR URBAN REWWAL (WITH REFERENCE TO H0WRATH CITY CENTRE) :
In Calcutta (C.M.D.) the areas requiring immediate renewal are 
many but hardly anything could be done. This mainly because lack of 
funds and afco opposition from the would be evicted people, lack of 
suitable relocation space within a short distance from tdtere they would 
be evicted preferably within a distance of one mile (as per the rate) 
and similar factors. One such example could be the Howrah city centre 
area (fig. 1.). It is on the Western bank of river Hoogftly, opposite to 
Calcutta (Corporation) C.B.D. This is also the largest centre on the 
West bank of the river and only next to Calcutta C. B. D. In the 
metropolitan district.
^Assistant Planner, Calcutta Metropolitan Planning Organisation, 
Calcutta - 1.
T l> p. 26, B. D. P. ,C. M. D. 1966-86, C. M. P. O.
It is estimated that by 1986 the city centre core of Howrah 
will be spread over an area of about 90 areas (5), of which about 40 
acres is at present used as residential area. A survey conducted by the 
author shows that 84.27. of the dwellings are poor and sub-standard 3.8* 
are excellent and 121 are of fair condition accounting for 871, IT and 
12% of the familiea respectively. This means that with the expansion 
of the Centre 6,000 people will have to move away from the centre to 
make space for the expanding centre.
SOCIO-ECONOMIC CONDITIONS OF THE PEOPLE:
The above shows that most o f dwellings are poor or slums either  
kutcha or pucca construction. A sim ilar picture is  found a l l  over 
C. M. D. in any project area lik e  th is. The average income o f those 
people is  given by the fo llow ing Table:
Table 1. Income pattern of Howrah Citizens
Monthly Income (Rs.) Population in 1
6.9
30.3
27.3
13.3
10.3
6.4
5.5
100.0
(Note $1.00 = Rs. 7.60)
1-50
51-100
101-200
201-350
351-700
700 above Misc.
The average expenditure of these people on house rent is only 
Rs. 10-15'"^ in other wards 7% to 10% of their earning. With the 
change of income it varies as follows:
Income (Rs./month) 1-100 101-200 201-350 351-700 700 above
6.94% 10.62% 7.75% 7.30%
The respective figures for the C.M.D. is however:
Income (Rs./month) 1-100 101-200 201-350 351-700
Expenditurs on <>.04-10.63 10.32-11.77 52-10.20 8.25-4.30
So far any propoaal to be practical a suitable balance with their 
paying capacity has to maintained. It has been people living here is 
within a walking distance from their residents.
LOW COST HOUSING PROGRAM:
All the above conditions indicate that in the lost cost housing 
specially related to urban renewal, the baaed considerations should be,
(1) The rent per unit or value of a single unit, (2) Floor space pro­
visions (per person), (3) the distance from their work places, (4) 
Future environm ent social changes, etc.
At tills stage of economy of the country, It la better if the space 
provided is guided by their economic demand (over space) though the 
ultimate objective may be to provide on the need base. At present more 
than 77T of the Calcuttan's have less than 40 sq. ft. per capita. The 
respective figure for Howrah centre la less than 37 sq. ft. per person. 
The economic demand over space of the people could be guided by their 
present living standard. It has also been observed that when sure floor 
space is provided to them they share it with other household either for
^ T . 6 9 ,  Table 18, B.D.P., C.M.D., 1966-86 - C.M.F.0.
Davis K. India's Urban Future
Dutta Gupta, J & Bandopadhyay. R.-A Study on the Housing Stock in 
the city of Calcutta 1961-86 - C.M.F.0.
Ghosh Dastldar's, 'Central Area Howrah-1986' F. 102, Post Graduate 
thesis at I. T. T. Kharagpur.
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additional income or they a n  unabla to pay for the higjher rant char gad 
for the Increased floor area. Tha present condition la that:
(81171 have no living room
491 of the people get space less than 30 aft. per capita
IIX of the people get space 31-40 sft. per capita
6Z of the people get space 41-50 sft. per capita
this In terns of family site,
60X of the big site feel lies get space less than 
30 sft. per capita
SIX of the medium slse feel lies get space less than 30 sft.
(91specially In Howrah sluaus on average 6 persons live In one room the 
figure for the sane In Calcutta Is 4 persons.
These lead to Increase the population density all over C.M.D.
«dilch on average Is 193.6 persons per acre reaches Its peak In parts 
of Calcutta C. B. D. to above 1,000 persons per residential acre
on an average the conparatlve rent of Calcutta Is a little higher than 
that of Howrah area; besides the large number of people who stay In the 
2/3 storied pucca houses In the centre pay still higher rent. This gives 
us the Idea that even within the Metropolitan area the nagnltude of the 
problems varies and needs altertlon as pare the specific problems. How­
ever, leaving as 1<k these minor local variations most of the conditions are 
slailllar.
In an attempt to fit the afresald situations for low cost housing, 
the cost of its various components have to be lowered as fare as 
possible. Those are (a) cost of land, (b) cost of structure and also 
(c) the cost of utility services, roads, etc.
(a) Cost of land can be lowered either by provided cheaper land 
or by providing satller per capita land allocation.
In Calcutta (C. M. D. ), or West Bengal in general, urban land is 
one of the most scarce and coatiest items. So providing cheaper land 
is a difficult proposition and providing comparatively smaller per 
capita area appears to be practical whether for individual ownership 
of plots or for multistoried flat construction with equal density (fig. 2).
(b) Cost of structure can be lowered by lowering the cost of 
materials and saving labour cost. Cost of materials can be lowered by; 
ease construction or introducing common local cheaper materials in
use In countryside like, mud, bamboo, thatch, darma, wood, "hogla" and 
similar materials minimising the use of costly msterlal like steel and 
concrete, and also sharing soma of the structures by one or sure 
households, for example walls, beams, etc.
Labour cost can be lowered by using the occupier's free labour for 
constructing their o m  houses. This will be more practical if traditional 
local materials are used which do not require skilled labour or by 
constructing 'the minimum' of the shelter and leaving the rest to be 
completed by the occupier according to his ability. This would not 
possblly work in case of multlstoried structures which need skilled labour,
(c) By making one more househblds use a comon facility, 
minimising the length of service line, the cost of utility services could 
be lowered. A study of the existing standards will better support this 
idea of sharing the facilities and prove to be practical for low cost 
housing. The prevailing standard of facilities in Calcutta are:
Table: 2.
(a) 30Z have no water tap
8Z use one tap with 100 or more
(b) 12X have no latrine
4Z use one latrine with 100 or sore 
11Z use one latrine with 50-99
(c) 61X have no bath at all
With more resources and Increased income the provision of facilities 
may also be increased to fit the changed situation. At this level, the
^ G h o s h  Dastldar's-Central Area Howrah-I486*-Post Graduate Work submitted 
at I. I. T. Kharagpur
( Economic aspects of Households la ladia-Heport Mo. 14, National eample 
issued by cabinet Secretariat, G. 0. I.
(8) Problem of Calcutta-Survey conducted by Economica Dept. Cal. University 
54-58
(9) Improvement programme for Metrolpolltaa Calcutta *44-Subsidised Hous­
ing Scheme generated by the Improvement progransw-CMPO
<l0)P. 16 B. D. P. , CMD 1966-86 - CMP0
roada hardly need be metalled except for the awjor ones. Unmetalled 
padestrlan access with provision for car entry will save a large invest- 
smnt on this infrastructure.
In the light of above discussion suitability of single storied and 
multlstoried housing construction has been discussed below:
SINGLE STRORIED (Refer Fig. 2)
This is best suited for a low income people where the ownership 
will be handed over to the occupier. In this case the ground space 
could gainfully be utilised for outdoor living, sleeping at night, 
drying of clothes, sometimes cook, children's play etc. 0ne~such 
scheme with 150 sq. ft. open and 150 sq. ft. covered was estimated to 
cost the occupier a monthly premium of Rs. 10-20 paid for 10-20 years
when the ownership will be handed over to them. Here the comaom 
utility facilities were placed at the side of each block. This system 
is better suitable when the nuhber of people to be rehoused is large.
The minimum size being limited to number of persons required to 
support a primary school that is say 3,000 persons or more. Con­
sidering a density of 400 person/acre a block of 8 acres will be re­
quired. Densities lower than that may prove to be unsatisfactor in 
view of the prevailing deanity standards. As most of the cases of 
urban renewal have a high residential density, in case of the re­
housing for effected people the density will have to be at least of 
that order preferably higher otherwise the space required for their 
rehousing would become uneconomlcally large. This is one of the major 
reasons for some of the renewal schemes to be a unsuccessful where 
the authorities decided to have a 'decent living condition' which in 
turn increased the rent of the houses.
MULTISTORIED STRUCTURES:
These may be divided into two groups (i) four to five stories 
high without any lift and (il) more than 4/5 stories, with lifts. The 
height of the building in the later case would mainly be determined 
by the requirement, technical feasibility etc.
In the later case, as the cost per unit is comparatively higher 
than that of the former case it however is not suitable for housing 
for the people in Calcutta conditions, except for the high income 
group. However, it is expected that with advancement of technology 
and mass production of building materials the cost will gradual y be 
lowered and could later be used for constructions at a lower cost.
The foramr case will better be suited for smaller areas mainly 
within the city for low cost work-cun^living centres for the people 
whose residence as well as business will be affected by the urban 
renewal schemes. This is again a serious problem in Calcutta where 
all the buildings facing major streets have shops and small business 
establishments, which in many cases is also the place of living.
C0WCLU8I0M:
In Calcutta (C. M. D. ) where there is a chronic shortage of housing 
units law cost housing is the only solution to meet the deficiency. It 
is estimated that Calcutta needs 67,000 new housing units including
53,000 units to accommodate only the new growth. At present house building 
rate is only 6,000-9,000 pucca units per year, mainly because of high cost 
of construction. With this being the existing situation, it could be 
easily realised that the mounting opposition the urban renewal schemes 
received from those who will have to find a new home.
The only solution of this growing urban problem would be the 
implementation of a systematic low cost housing programm on the lines 
mentioned.
Ghosh Dastldar 8. * 'Shelter to house the lowest income group 
with reference to Calcutta-Honalng in relation to Resources and to 
the developing economy - M.B.O., Mew Delhi and 0.N. Regional Housing 
Centre ICAR.
(12)B. D. F. , C. M. D. - 1966-86, F. 28 - C. M. F. 0.
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SITING CRITERIA TOR LOU RENT PUBLIC HOUSING
By
Charles 0. Quade*
Over the years the concept of providing suitable housing for the low 
income element of our population has generally been an acceptable one to both 
the po litic ian  and the concerned c itizen . The acceptability  of th is concept 
changes, however, when we have to decide the precise site location.
This may be d irectly  related to the pu b lic 's  attitude about projects 
in  general. Almost every Housing o f f ic ia l  has been confronted with "I'm  not *1
opposed to the project, but don't build i t  in this neighborhood." As a 
consequence of th is attitude, projects have been b u ilt  on undesirable s ite s , 
old city dumps, old stone quarries, abandoned coal mines, f i l le d  in  swamps, in 
the center of some of the worst slums, or as in one c ity , over an exhausted 
gravel p it  which had been used as a sanitary f i l l .  Although this is  not true 
for a l l  pro jects, those that have been adversely located a ffec t the "Housing 
Program Image". Furthermore, most of the undesirable environmental influences 
that have been the subject of rid icu le  by program c rit ic s  might have been 
eliminated had a better s ite  been obtained.
What are some of these considerations in relegating public housing to 
undesirable sites?
1. Local o f f ic ia ls  are reluctant to give up prime sites when the tax 
return w i l l  be considerably below what would be paid by a private developer.
2. Property owners become uneasy at the thought o f a large concentration 
of low income fam ilies moving into their neighborhood. They often believe it  
w ill lower the value o f their property and "those under-privileged people" w ill 
adversely a ffect neighborhood standards.
3. There is  a fear of integration , as a high percentage o f project 
residents are from minority groups.
F ina lly , many o f the sites in h ighly urbanized areas are too expensive as 
they are already developed. The only manner in which such sites may be ju st ified  
is  through high density development, or through the write-down through urban 
renewal programs.
As the reasons o f site  unacceptability go on and on, tha areas available  
become less and less.
Many admonitions to "see the l ig h t "  are directed at those responsible for 
public housing from a m u ltip licity  of sources.
One charge, "don 't create prograsss of Negro Resunral that destroy the 
neighborhood identity concept", or on the other hand, "Break up the Ghetto" 
and be the catalyst o f total integration.
The challenge to those responsible for public housing is to be inventive, 
creative and to relocate low incosse families so that they are absorbed into the 
coomunlty structure. They are asked at the same time to step up the production 
rate far beyond anything that has been done in the past.
We are implored to keep density to a minimum and be ever mindful of 
development costs in an escalating econoaqr.
The 1968 Housing Act requires a high production rate, but provides a 
further aggravation of site selection by limiting the employment of high rise 
structures, although these are in some instances meritorious.
The simple fact remains that one will be unable to build more housing 
units at any cost without more sites. Furthermore, if smaller projects, as a ossa 
suggest, are developed even more sites will be required.
What direction does one have in seeking satisfactory sites? The following
^Development Director for Housing Authority, Dallas, Texas
IS*
are suggested guide lines in designating s ite s  fo r housing our fin an c ia lly  
deprived c itizens.
CONCERNS:
Political
Technical
Transportation
Environmental
Cosssercial
Community Services
The sequence is  not intended to be an indication of re la tiv e  importance, 
because p r io rity  considerations may change from project to project and lo c a lity  
to lo ca lity . Let us consider the several concerns in further d e ta il.
F irs t , POLITICAL 
Zoning
Future Land Use 
Renewal
Code Enforcement
These concerns vary within a c ity  and from city  to c ity . Zoning change 
has been an anathema in  Dallas in s ite  approval. I f  possib le , pro jects should 
be located on land which is  properly zoned. Is the proposed project to be 
single  family detached, duplex, m ulti-fam ily-row house, or even the s t i l l  
heavier density m ulti-fam ily high rise? Are such zoned areas available?
The answer generally is  "no ", and one must confront the citizens of the neighbor­
hood in seeking zoning change.
The problems in  public s ite  acquisition are multitudinous and fo r the most 
part w ell known. Separate parcels for a s ite  must be acquired d isc rete ly . The 
policy in Dallas is  to avoid condemnation proceedings.
We have a 15 member plan comsisslon to rule on zoning changes. It would b 
an almost Insurmountable task to contact each member privately and obtain a 
commitment that a required zoning change would be considered favorably by the 
group. As an alternative, one may seek out the counsel of the city's profes­
sional zoning staff regarding the zoning change of a particular site. Some 
quasi-affirmation may be obtained that in their judgment the change is sound 
planning and there is reasonable assurance that the ruling bodies would be 
amenable to the required zoning change. The staff, if the proposed zoning is 
acceptable to them, may advise the conlssion of the pros and cons of the 
situation and obtain the latter's concurrence.
But then at the public hearing, one la moving Into the unknown area of 
neighboring citizens' whims and fancies, real and unreal. To them we must 
make our appeal and the plan commission must evidence their responsibility 
as a civic body.
In some jurisdictions, as in the cities of Mew York and New Orleans, 
there are legal requirements for a public hearing before a site can be approved 
even if In conformance with zoning requirements. However, in New Jersey, only 
the City Council and Planning Board approvals are required.
Next, FUTURE lapp USE Will the neighborhood remain stable?
Will these same zoning ordinances, changed to permit the project, maintain the 
Integrity of residential character In the neighborhood? This should not be 
construed as prohibiting the location of a project in general proximity of 
business, smnufacturlng or Industry, but to Insure that the lamedlate environ-
Mot la fraa from tha adverse effect of non-raaldant 1 al land use. Araaa In 
which undealrabla change la problaamtlcal ahonld ha avoided.
A current adjunct to stabilising land uae, employed In Dallas la tha 
"Code Enforcement" effort through which nlnlnun houalng standards are enforced 
for existing sound dwelling structures. Through this medium, the useful life 
of ouch needed older housing is extended through relatively aodest nodi fleet Iona.
One high rlae alte for elderly la located In a code enforcenent area 
of what Is hoped to be protected land use. Higher density zoning was required 
for the project. One wonders If this change to higher coning will be the 
wedge for heavier zoning of land vacated through the demolition of substandard 
structures in the code enforcenent area. Sone residences have already been 
demolished within a block of this recently developed alte.
Another involvement and an inportant one - TECHNICAL concerns.
Topography
Soils
Utilities
Economics
Size
These characteristics are best known to the technical disciplines.
Other things being equal, a gently sloping vacant site would be most 
welcome. Areas of steep Inclines are not only dangerous, but mske for costly 
construction, in grading, drainage, and establishing floor levels.
Soils. and this includes the Geology, should be considered as to their 
suitability for building foundations, floor slab and paving bases, etc.
Utilities should be readily available to the site, or the site cost 
should be discounted to make allowance for extension of the required utilities. 
The same applies to streets.
Site Economics is the product of topography, soils, and availability of 
utilities, but it is compounded by the ever increasing cost of raw land. One can 
accept a site in the suburbs where land costs are lower and in doing so increase 
travel costs and others to the residents; or, in order to house tenants closer 
to the source of employment and services, select an inner city site where costs 
are higher and high density, high rise construction is indicated.
In planning, where cost is paramount, many desirable objectives must be 
waived, but one is challenged to get all possible advantages within the budget.
The size of the site, as stated above, is governed by cost, the 
proximity to the central core and the acceptable density.
A third concern in Siting is - TRANSPORTATION.
Thoroughfares
Public Transit
The need for accessibility to employment, shopping, churches and relatives 
requires that the site be located within two or three blocks of a major thorough­
fare. The thoroughfare should have reasonable relation to the overall system of 
major streets in the city.
(tost financially deprived citizens need public transportation. Sites 
should be located on or within a short distance of a public transit route. The 
site should preferably be located within the first transit fare sone (where 
pertinent) due to the heavy reliance of the low income residents on public 
transportation.
Political, Technical, Transportation - next EMTIROWENtAL.
Character of Neighborhood
Air Polutlon
Noise
Sltma should be situated in a natural residential setting avoiding any 
artificial envlroment. They should be constable with and blend in with the 
overall planning for the te ighborhood.
Sociological studies indicate that subsidized housing developments are 
generally more successful if families in the surrounding area are involved to 
the degree possible in the project development and planning. This
would prestmne the sites were located in areas that are generally similar in 
social and economic characteristics to the areas from which residents come.
Other sociologists, as stated above, recommend mixing of economic levels and 
assimilation of the deprived citizens into the cosmunlty. The decision in this 
regard should be based on careful consideration of the ability of the neighbor­
hood residents to become involved in planning the project or, on the other hand, 
the willingness of the neighborhood to absorb the financially deprived citizens.
If the housing is for the elderly, studies indicate that a mixture of 
all ages in the neighborhood improves the livability and interests for them, 
provided chat they can withdraw from the childrens' activities at their 
pleasure.
Since air conditioning per se is not provided in lower income housing, 
the site should be selected to permit orientation of the long axis of the 
building east-west to take advantage of the prevailing breeze.
Although the proxisdty to major thoroughfares was mentioned as an asset 
above, they should not pass through the site, not only because they are a source 
of noise, but also in the interest of safety for children and elderly.
He are becoming more and more conscious of air polution. Not only do 
we find it necessary to put scrubbers on the project incinerators, but we must 
be alert for adjoining neighborhood air polution. Air polution is not only 
detrimental to hiaan health, but also to building materials. The proximity 
of a lead reclaiming plant to a Dallas project has caused rapid deterioration 
of galvanized screens and gravel stops caused by the emission of almost 
imperceptable sulphuric acid fuses. Foundry smoke is objectionable on 
another project when the wind la in adverse directions.
Industrial, railroad and airport nolaes are detrimental to the welfare 
of tenants, particularly in the summer smiths when windows must remain open.
COMMERCIAL facilities are another concern.
Medical Services
Shopping
Entertainment
Medical services should be conveniently available. Welfare nmdlcal aid 
should be available in the neighborhood, or via public transportation. In 
Dallas the Health Department operates regular clinics at the local projects 
for pre-natal care and preventive injections and treatments. A drug store 
should be in the vicinity as well as other shopping facilities; t e ., grocery, 
meat market, clothing, laundry, dry cleaners. Not only t *  it Important that 
the facilities be close to the site, but also it is important that these shop­
ping facilities be so located that they will be stimulated by normal competition
A  limited scope of coaercial entertainment should be in the neighborhood 
such as movies, bowling alleys, pool parlors, etc.
And the last concern - COfUNITT SERVICES.
Libraries
Parks
Churches
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It it probably more important for our flaaaclally deprived citirens 
to have these amenities than for others who can employ their resources for 
those supplements to cnninlty living.
A branch library, or at least a mobile library, should be easily 
available to these families as they may lack books, amgaslnes and other 
literary resources in the home.
The sites need to be located in areas with reasonably high activity 
in order to provide sufficient mental stlnnilus and to provide an atmosphere 
which helps create the feeling of being involved in the main stream of things; 
high activity in the sense of people moving about, things happening, and 
things to watch.
Parks and open spaces within easy walking distance are a must, parti­
cularly if density is high in the project, to give the children places for 
play activity away from home. For the elderly it is a pleasant place to 
walk, as well as to watch the activities of the children.
Churches should be within walking distance, so that the families and 
elderly may engage in this essential phase of living.
In conclusion, this quotation from "A Decent Home", better known as 
"The Douglas Report":
"It makes little sense for Federally subsidised housing to be 
concentrated in and around central cities' sltas where social and environ­
mental disadvantages can negate the upllfing qualities of decent housing.
On the question of where subsidised housing should be located; the Coassittee 
submits the following recommended objectives:
"Subsidised housing should be built wherever locally feasible under 
the economics of land and development coats and meviwarn allowable subsidy 
programs.
"Any artificial or discriminatory restrictions Imposed by Federal 
housing programs and local codes and ordinances on the location of subsidised 
housing should be reamved or overcome."
"The location of one's place of residence determines the accessibility 
and quality of many everyday advantages taken for granted by the mainstream 
of American society. Among these coaawm place advantages are public educa­
tional facilities for a family's children, adequate police and fire protection, 
and a decent surrounding environment, to nasm a few. In any case, a family 
should have the choice of living as close as economically possible to the 
breadwinner's place of employment.
ut
am a n n u m  n  low con bouszmc
n  stillhatek, Oklahoma
*y
William H. J. Cleverly* 
and
Phillip G. Hank***
In the Bousing and Urban Development Act of 1968, Congress affirmed 
the national houalng goal —  "a decent horn and a suitable living envi­
ronment for every American family" (1). This goal requires the construc­
tion or rehabilitation of an estimated 26 million housing units by the 
end of 1978.
Achievement of this housing goal will be a formidable task for both 
the Federal Government and private enterprise. Already the estimated 
housing unit needs are considered too low (2), and the housing Industry's 
performance in terms of units constructed per year during the past decade
(3) does not create much optimism about attaining this goal. The existing 
housing shortage coupled with an ever Increasing population will soon lead 
to a crisis In the housing situation in the United States.
The obvious answer to the housing shortage is the so called "low cost" 
housing which has in recent years received much attention and wide publi­
city. While the need for this type of housing in single as well as multiple 
dwelling units is evident and vast sums have been expended on research 
Investigations to develop technological breakthroughs in new housing designs, 
materials, and method of construction, little progress or concrete results 
toward reducing housing coats and alleviating the shortages can be observed. 
Millions of American families cannot afford to rent, let alone buy, adequate 
and decent bousing at today's prices.
Depending upon the source of information and perhaps its social and 
political overtones, the causes for the housing shortage and the high cost 
of housing have been attributed to rising interest rates snd a tight money 
market; the Inability to realise a breakthrough In mass produced housing; 
soaring material and labor costs; union rules and trada practice barriers; 
skyrocketing land prices and unrealistic sonlng requirements; restrictive 
building codes; and governmental agency "red tape." While moat of these 
problem areas are common to large urban centers of population as well as 
smaller cities and towns, each type of community has unique problems of its 
own.
Much useful lnformstion relsting to the above problem areas could be 
gained from an actual experiment In low cost housing at the community level. 
Such an experiment could determine the economic feasibility of low cost 
housing and identify the local restrictions snd other contributing factors 
that restrain the construction of low cost housing. Large sums of money 
would not be necessary and private financing mould provide a considerable 
advantage over government-sponsored operations in regard to reducing red 
tape and allowing mora flexibility in the planning, design, and construction 
of such a project. Local needs would be a prims consideration in the ex­
periment, and local people would be intimately involved in the entire pro­
cedure. This concept of studying the problems connected with low cost 
housing on a local basis was used In an experimental low cost housing 
project carried out in Stillwater, Oklahoma la 1969-70.
Stillwater Is the county seat of Payna County and ahe home of 15,109 
permanent residents and 18,891 Oklahoma State University students and their 
dependents. The City of Stillwater faces a crisis in housing needs similar 
to many cities of equivalent size and has some special housing problems 
resulting from its seasonal student population. Over 400 Stillwater families 
have annual incomes below $2,000 and more than 40Z of the permanent popu­
lation has Incomes below $7,000 per year.
In the fall of 1969, the Stillwater City Planner predicted that 490 
housing units would have to be built each year to meet the needs of the 
city's growing population. At that time, only 100-200 new housing units 
were being built per year and the majority of these units had construction 
costs ranging from $14,000 to $40,000. Since "construction cost" of a 
residence is the monies required to build the structure itself and does 
not Include the costs of land, financing or other indirect charges, these 
houses are not low cost by any stretch of the imagination and the housing 
needs of the lower income groups are obviously being neglected.
A 1968 report of the Stillwater Housing Comsittee stated that housing 
should not be labeled "low cost" unless it was within the means of fam ilies  
with an annual income of less than $4,000 (4). This was one o f the primary 
criteria used in this experimental study.
IWo contiguous improved lots, l.e., lots having sidewalks, paving and 
readily accessible utilities, were obtained for this project. Each of 
these lota were 70 ft. wide and 135 ft. deep. An additional 10 ft. wide 
strip was acquired from an adjacent lot owner and the resulting parcel was 
split into three 50 ft. frontage lots at a total land cost of $4,500. Op­
tion agreements were used In these transactions to defer payment of the 
land for 120 days and save on financing costs.
In order to circumvent the high cost of the land, it was originally 
planned to divide each of the three lots in half and construct a "cluster 
development" of low cost housing units as shown in Fig. 1. This plan 
would have minimised the land cost per housing unit at $750 and resulted 
in lot areas considerably In excess of the 2800 sq. ft. presently required 
for mobile homes In Stillwater. While this plan was submitted to and ap­
proved by the local office of the FHA, the present Stillwater sonlng ordi­
nances prevented its development.
Subsequent to this setback, it was decided to continue with the ex-, 
perlmantal study on a reduced scale and construct at least one low cost 
houalng unit. The unit was constructed on—sit# according to a more or less 
conventional design that was readily adaptable to local building practices 
and incorporating readily available building materials. The finished unit 
Is shown la Fig. 2.
♦Housing Consultant, Ohlshows State University 
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This low cost unit was designed and constructed in accordance with the 
U.S. Department o f Housing and Urban Development "Minimum Property Standards 
for Low Cost Housing.” This assured that the unit would be e l ig ib le  for a 
mortgage under the provisions of Section 203(b) o f the National Housing Act.
An FHA-insured mortgage was determined to provide the most favorable and 
v e rsa t ile  form o f permanent financing fo r  a prospective low income buyer.
The constructed housing unit contains in excess of 900 sq. f t .  of 
floor space. The unit is  wood paneled throughout and fu l ly  insulated with  
a forced a ir  central heating system. I t  is  equipped with a new gas range 
and hood, 11.6 cu. f t .  re fr ig e ra to r  and connections fo r  a washer and dryer.
The Federal Housing Administration has appraised the value of th is  unit at 
$11,000 and it  is  e l i g ib le  for an FHA-insured mortgage o f $10,650.
Table I  is  a sunmary of costs fo r the housing unit and shows the per­
centage that each major item contributed to the to ta l cost. The structure  
for th is  low cost, three-bedroom unit was bu ilt  at a cost of $5,991.79 or 
$6.66 per sq. f t .  A p ro fit  of $868.39 was included in the to ta l cost to 
i llu s t ra te  that the unit was economically p ractica l from the b u ild e r 's  
standpoint. I f  several such units were constructed at the same time, the 
increased e ffic iency  o f a larger operation and reduced m aterial costs from 
buying in la rger quantities could substan tia lly  Increase the b u ild e r 's  pro­
f i t  without increasing the cost o f the unit to the buyer. The expected 
pro fit  is  low, but the very nature of th is  type of housing precludes ex­
cessive p ro fits .
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Figure 2. Completed Low Cost Housing Unit
TABLE X
SUMMARY OF COSTS FOR THE LOW COST HOUSING UNIT
Item Net Cost Percent
Structure:
Preparation $ 55.62 .6
Labor 1,112.76 11.9
M aterial 2,473.05 26.4
Subcontractors 2,350.36 25.1
Subtotal $ 5,991.79 64.0
Other:
Land $ 1,620.00 17.1
Overhead 280.27 3.0
Sales Expenses 210.55 2.2
Financing Expenses 409.00 4.4
P ro fit 868.39 9.3
Subtotal $ 3,388.21 36.0
TOTAL COST $ 9,380.00 100.0
The projected s e ll in g  price o f $9,380 indicated that th is unit was 
also economically p ra c t ic a l from the standpoint o f purchase by a low income 
fam ily. With a FHA-insured mortgage on th is  housing un it, such a fam ily  
could purchase i t  fo r  a down payment o f approximately $280 and tota l monthly 
payments of $83.26. This monthly payment includes princ ipa l and in te rest, 
mortgage insurance premium, f ir e  Insurance, and taxes. A purchaser who was 
e lig ib le  fo r  government subsidy assistance under Section 235 o f the National 
Housing Act could pay a to ta l monthly payment as low as $43.13. These month­
ly  payments are w e ll w ithin  the fin an c ia l c a p a b ilit ie s  of low income fam ilies  
in the S tillw ate r  a rea , and in many cases are le ss  than what these fam ilies  
are paying in rent fo r  substandard and inadequate housing.
Restraining influences of all the previously mentioned problem areas,
l.e., high interest rates and land prices, high labor and material costs, 
unrealistic zoning requirements, restrictive building codes, government 
"red tape", etc. were encountered in varying degrees during the conduct 
of this experimental low cost housing project. While many of these pro­
blems must be solved on the national level, individual comunities can 
do a great deal towards mitigating some of these problems and implementing 
low cost housing locally.
Some of the more troublesome problems that inhibited this project ware:
(1) limited availability and high cost of suitable land,
(2) zoning and other city statutory requirements,
(3 ) lack of in terest on the part o f qu a lified  lo ca l bu ilders to
engage In project* of tble nature, and
(4) Indifference of many civic leadera and other responsible citlsena 
to the fact that low coat houalng la needed and that their action 
la necessary to make auch houalng a reality.
While there waa an abundance of aultable land in Stillwater, l.e., 
vacant but Improved building altea conveniently located with regard to 
shopping arena, schools, and other c n u n l t y  facllltlea, the ownera of this 
property were reluctant to aell their land for this low coat housing project 
at a reasonable price. The predominant reason, apparently, waa that this 
land is considered an Investment holding. Under the present tax structure, 
the owners were content to retain their vacant lots and speculate on higher 
profits fron future sales.
The City of Stillwater could encourage low cost housing by easing 
present restrictive zoning requirements to permit "cluster developaents" 
of single family housing units in selected locations as has been sug­
gested. Land densities commensurate with the purposes of low cost housing 
would provide land at a lower unit cost than that now available. In addition 
to encouraging the development of vacant land the City, possibly through Its 
Metropolitan Area Planning Commission, could plan and control the location 
of such developments so as to bland low income families Into various par­
tially developed areas of the community and prevent the furtherance of ghetto 
conditions which now exist.
Recognizing that adequate housing for low Income citizens is partially 
a community responsibility, civic leaders and other Interested and res­
ponsible individuals such as realtors, residential contractors, materials 
suppliers, lawyers, architects, engineers, etc., could establish a nonprofit 
corporation or similar type organisation to guide low income families In the 
procedural requirements and construction operations of building or helping 
to build their own homes. The provisions of Section 235 of the National 
Housing Act allow a low income family purchasing a home with a FHA-insured 
mortgage to contribute the full value of their labor In the construction of 
the unit toward the required down payment or to reduce the mortgage, or both.
Such an organisation staffed with knowledgeable personnel could assist and 
guide a low income family through every phase of constructing a low cost 
housing unit, l.e., location of a suitable building site, application for 
financing, selection of house plans, ordering materials, and construction of 
the unit with their own labor utilised as extensively as possible under the 
supervision of skilled tradesmen.
This organisation might also engage In the following:
a) Design of low cost housing units, l.e., development of a 
series of house plans having similar characteristics but 
different architectural features,
b) Set up prefabricating plants to build sections of these 
houses, l.e., walls, roof trusses, etc., at a central 
location which could employ low income or jobless 
personnel as "on-the-job trainees,"
c) Establish a cooperative facility to purchase construction 
materials In large quantities with correspondingly lower 
unit costs, and to store these isaterlals until needed.
This experimental project has demonstrated that Stillwater, Oklahoma 
has the material, financial, and human resources required to provide their 
own auch needed low cost housing without direct assistance from the Federal 
Government. However, community action is necessary to remove some of the 
existing aujor restraints and to mobilize these resources.
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THE MOBILE HOME IS LOW-COST HOUSING - OR IS IT? 
*>y
Walter L. Meyer*
The paper briefly reviews the nation's housing crisis and the problems limiting 
our building industry's ability to provide the hones required today. Current 
govermental policies and economic factors which affect the development of sound 
low-cost housing programs are noted. The market demand for the mobile home as 
housing for our people is discussed with projections made Qf future production.
The primary purpose of this study is to focus on the mobile home Industry's 
claim that their product is low-cost housing and the ideal solution to this 
urgent need. Data fron a 1968 HUD survey and a research study sponsored by Owens- 
Corning Flberglas Corporation, published in early 1970, were used to make com­
parisons and observations. The characteristics of the mobile home occupants, their 
preferences and objections, and the family income and home investment economics 
are outlined. The "cost” of the mobile home is analysed and related to the cost 
of the conventional "stick-built" house. The cost per month to the buyer is 
particularly explained.
It is concluded that mobile home sales are high and Increasing because the 
industry can factory produce quality units at lower prices and in sufficient quantity 
to meet current demand. Consumer acceptance is favorable now since satisfactory 
alternatives at low prices are still lacking, especially which low-income people 
can afford. Lastly, the necessary financing to buy them is more readily available 
than for conventional housing. However, there is still the question whether mobile 
homes, as such, provide adequate living at a low-cost to the buyer over the long 
term or are as good or better values than the housing alternatives now available 
or expected in the near future.
INTRODUCTION
The housing shortage today is generally conceded to be the worst in our 
nation's history. The major obstacles to the building of more homes have been 
the rising costs of land, labor, materials, and money. While the serious in­
flation plaguing our economy has been slowed, it has not been checked. Interest 
rates are still high, and savings institutions are still short of sufficient 
mortgage funds. There is a crucial shortage of skilled manpower in the building 
industry, and this shortage is becoming worse. Productivity of construction 
labor is not increasing proportionally to the rapid rise in wage rates. Land is 
costly and becoming scarce. Outdated building codes and archaic zoning laws are 
serious barriers to the Increase of industry's production ability. The fragmented 
building Industry has not utilized mass production practices effectively and Is 
not able to serve mass markets properly. It is also criticized for its Ineffi­
ciency and lack of innovation in the development of cost reducing methods and 
techniques. With all these unsolved problems, the future appears bleak In a home 
building industry faced with an unrelenting growing demand for housing, particularly 
low-cost housing. Unfortunately many government policies St this time are unfavor­
able to the housing situation, especially In such vital areas as zoning, building 
codes, and financing.
NIXON'S HOUSING GOALS
In his second annual National Housing Goals Report to Congress1 In April, 
President Nixon said that mobile homes will be providing four million of the 26
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million housing units, the nation's 10-year goal Included in the Housing and Urban 
Development Act of 1968. Noting that mobile homes can no longer be ignored as a 
housing factor, the President states that they "constitute a major If not the 
largest single source of acceptable new housing available at prices which moderate- 
income families can afford". The Nixon Administration estimates mobile home starts 
will peak out at 475,000 units in fiscal 1971, then level off and by 1976 will 
be below the present level of 400,000 units a year.
President Nixon says by 1978 there will be an Increase In conventionally 
built homes, modular housing production in general will expand (now being promoted 
by HUD's Operation Breakthrough), and an increasing difficulty to obtain suitable 
sites for mobile home parks "should lessen the present domination of the low-cost 
housing market by the mobile home as it is now known, and may lead some present 
mobile home producers to shift their focus more toward generalized modular hous­
ing".
MOBILE HOMES INDUSTRY GROWTH
Mobile homes have had an accelerating growth in recent years. In 1969, the
2mobile home industry accounted for 412,690 units shipped , more than tripling the
118.000 units shipped in 1962, which represents a ratio of about one to every 
three new conventional housing starts throughout the nation. Another sizable in*“ 
crease is anticipated next year to perhaps as high as 475,000 units and to one 
million units by 1975 . Conventional housing starts in 1970 are estimated at
1.440.000 units4.
TABLE 1
Mobile Homes and Conventional Dwelling Units Compared5,6 
1960-1970
Year Mobile Home Units Shipped 2 Change Conventional Housing Starts X Change
1970 475,000 (est.) 15.1 1,440,000 (est.) -4.0
1969 412,690 29.8 1,499,900 -3.0
1968 317,950 32.3 1,545,500 16.9
1967 240,360 10.6 1,321,900 10.5
1966 217,300 0.4 1,196,200 -20.8
1965 216,470 13.1 1,509,600 -3.3
1964 191,320 26.8 1,561,600 -4.9
1963 150,840 27.8 1,642,000 10.0
1962 118,000 30.8 1,492,400 9.3
1961 90,200 -13.0 1,365,000 5.3
1960 103,700 1,296,000
As Table 1 shows, the mobile home share of the total national housing out­
put has increased steadily in the past ten years and in 1969 was approximately 
21.6 per cent of the combined total of conventional housing starts and mobile 
home production. It la well known that millions of Americans live In mobile 
homes, but It la not clear which of our people form the market for this housing.
The mobile home Industry's share of the under $15,000 housing market has 
been growing steadily since 1963. and "the mobile home is just about the only 
option available to families with Incomes of lass than $S,000 who want to own their 
own homes"1. In 1968, mobile homes represented 96Z of all slagla family homes 
sold under $12,500, 901 of all singla family homes sold under $15,000, and naarly 
60Z of all 530,000 singla family homss sold at any price6 . In 1969, the mobile 
homes industry provided 94 per cent of all new one family homes selling for under 
$15,000. 79 per cent under $20,000, and 67 per cent under $25,000 (412,690 homes 
out of a total of 614,490 - about two out of three)2.
One of the major rsasoos for the rapidly increasing Interest in mobile home 
living Is the development of attractive, well-maintained parks with recreational
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fa c ilit ie s , and organised social a c t iv it ie s . Tbs aodern noblle hone park provides 
paved streets, landscaping, underground u t i l i t ie s , and suitably prepared sites. 
Residents generally own their noblle hones, and pay rant by the nonth for the use 
of space In the noblle hone parks. The noblle hone Is seldon novad after being 
Installed on a site and lnprovsd with skirtin g, covered patio, carport and s la lla r 
appurtenances.
The typical noblle hone Is twelve feet wide and usually at least sixty feet 
long (less three feet for the hitch). This average alse 12-wide noblle hone with 
684 square feet of living space costs approxlnately $8.71 per square foot® , or 
$6,000 and includes major appliances - the range, refrigerator, water heater, and 
furnace - and furnishings such as furniture, carpeting, draperies, leaps, elrrors, 
and saaetlnes even a picture on the wall of the living roon. By conparlson, a
site constructed tract hone today with the lot included but unfurnished is ap-
q
proxinately $20.00 per square foot . The nedlan price of conventionally built 
new houses is $27,000 while half of all fanilles "probably cannot afford to pay 
nuch sore than $15,000 for a hone"*. Prices of the 12-wide unit range fron 
$4,000 to $8,000, the expendables (with a pull-out 6 ft. x 10 ft. roon section 
to add to the width of a 12-wide living roon or bedroon to nake the hone L shaped) 
fron $4,500 to $9,000, whereas the double wide hones of between 1200 to 1600 
square feet range fron $8,000 to $15,000®.
Housing supply and denand is closely related to population trends and is 
Influenced bv the state of the economy. Set household formations continue to In­
crease, and by 1975 the number of households will be growing at a projected rate 
of one and one-third million annually*. Two age groups provide the najor market 
for noblle hones. The 20-29 bracket, where nost family formations take place, 
shows an expected population rise fron 31.139,000 In 1970 to 36,748,000 In 1975.
Retired people, particularly those in the 65-74 age group, are estimated to nunber
12,097,000 in 1970 and to increase to 13,191,000 in 1975*. In addition, the economic 
status of all wording people will Improve because of higher wages and fringe bene­
fits and a more stable Income, and older people will have Increased social security 
benefits and perhaDS an earlier retlrenent as the age limit is moved ahead. The 
population trend is clearly up for these two age groups who form a substantial 
share of tie mobile home market. Two recent housing surveys, one by the Department 
of Housing and Urban development and the other by Ove ns-Corning Flberglas Corpora­
tion are used as a basis to Indicate preferences of noblle hone buyers and park 
residents and also some of the characteristics of the people who enjoy this type 
of living.
TuE DEPARTMENT OF HOUSING AND URBAN DEVELOP! iENT SURVEY
Tne HUD survey10, published in the fall of 1968, shows the nost "typical" 
noblle home household as one of two or more persons with "the head between 25 
and 34 years of age and with an lncona of between $8,000 and $10,000 a year", 
as compared to tne nedlan income for noblle hone fanilles of $6,620 per annum, 
and with over two-thirds having Incomes less than $8,000.
Mobile hone occupants have lower nedlan Incomes than all fanilles prlmerlly 
because they are younger people. Conparnd to the total nunber of households 
In our population fron a percentage standpoint, there are twice as many heads 
of Household under 35 years of age and half as sany of retirement age living In 
noblle uones. The study shows 47 per cent of all noblle how households have no 
children under 18, 63 per cent have no children under 6 years, and only 27 
per cent have children of school age, 6 to 18 years. Therefore, it appears 
that mobile hones for the nost part do not serve families with school age 
children.
It also shows 44 per cent of the respondents stated they bought and are 148
living In a noblle hone because of the lower cost, 49 per cent cited they like 
the styles of living, 17 per cent said It gave them more freedom to move If 
necessary, and 8 per cent Indicated no other housing was available. Therefore, 
lower cost Is a major factor In peoples' decision to buy and live in a mobile 
horns.
OWBHS-CORMIHC FI8ERGLAS CORPORATION SURVEY CHARACTERISTICS
In the 0CF survey11, half of the family heads of the mobile households inter­
viewed were under 35 years of age, 28 per cent were In the 35 to 54 age group and 
19 per cent were 55 years and older. The high percentage of mobile home owners 
In the under 35 years of age bracket Implies that cost Is a determining influence in 
their decision to buy a noblle hone, and when the buyers interviewed noted the 
advantages they saw in noblle hone living, the importance of cost was emphasized. 
Twenty-five per cent of the buyers cited mobile homes as being more economical 
than other forms of housing, and 10 per cent listed cost as an advantage of mobile 
hone living.
In the survey sample, family incomes of 70 per cent were under S10.000 
annually, with the median for all being about $7,500. According to the banker's 
rule of thumb that a person should not spend more than two-and-a-half times his 
annual income for a home, half of the people surveyed must have homes priced at 
$18,750 or <nich less. Relating this measure to our present prices for sinele- 
fanily units, cost becomes even more imoortant as a factor in the buving of a 
noblle home.
A high proportion, 73 per cent, indicated that their present heme was their 
first mobile home living experience. Nearly half of the families came directlv 
fron single-family houses, a quarter of the families came from apartments, over a 
fifth from previous mobile homes and 3 per cent from town houses. When the owners 
«*re asked what their next type of housing would be, 31 per cent said their next 
move would be to another noblle home with over 60 per cent wanting a single family 
house- 46 per cent to a new one, and 15 oer cent to an older used one. This im­
plies that nost people are presently living in a mobile home simplv because it is 
the only feasible solution to their housing needs under present conditions, but 
that they really prefer to own a conventional house.
COMPARING COSTS OF THE MOBILE HOME TO THE CONVENTIONAL HOUSE
According to both the HUD and OCF surveys, lower cost is one of the prlnarv 
considerations for the noblle home buyer which strongly suggests that most buvers 
of these units do not understand the difference in the costs of mobile Homes com­
pared to the costs of improved realty - the "stick-built" house, and that the 
noblle hone and the house represent different concepts in shelter. The problem 
*t«ms fron the hasty comparison of the dealer's mobile how price tag. roughly 
$6,000 to $15,000,wlth new conventional house prices that Include the lot from 
$15,000 to you-nane-lt.
The price of a new mobile hone Includes many features that are not coaon 
to the house and vice-versa. Unlike the price of a new house, a mobile home 
price does not include the cost of the land, lot and subdivision improvements, 
utility services, or a permanent foundation. A prospective noblle home buyer 
should realize that In addition to park rental he usually has extra cost items 
such as concrete ribbons or strips on which the sobllc hose sits, concrete blocks 
end stabiliser Jack to support the hoee, steps for the exterior doors, skirting 
for the exterior of the horns, and over-the-roof ties in high wind areas12. One can 
*ls° add carports, patios, storage sheds and tha like at additional cost. A mobile 
home la ganarally sold with major appllancas and furnishings lncludad, while the 
price of a new house usually excludes such appurtenances. Insurance and taxas are
additional costs for both the aoblle home and the house. The yearly Insurance 
cost Is slightly higher for the mobile hone. As for tsxes, the mobile home owner 
will usually be charged much less because a mobile hone Is taxed In most states 
as personal property rather than real estate - as long as the wheels remain 
attached.
In most cases, the mobile home dealers offer the financing arrangements with 
add-on interest. The usual down payment is about 15 percent and the monthly in­
stallment contract for the balance usually provides 7 years for repayment. The 
dealer then sells the contract to a bank or finance company.
A typical example is a buyer of a $6,200 mobile home who pays 10 per cent 
down, $620, plus the sales tax of $310, and processing fees of approximately $20, 
or a total of $950 at time of purchase. He finances the $5,250 balance with a 
7 year chattel or installment loan at 7 per cent add-on Interest. Under these 
terms, interestof $2,573 is added to the loan amount of $5,250 and the buyer 
contracts for $7,823 with S93.13 monthly payments for 84 months. Because this 
is an add-on consumer credit type debt, the simple annual equivalent interest 
rate is 12.16 per cent. On a conventional loan basis, for comparative pur­
poses only using the same terms, simple interest at 7 per cent (actually about 
9 1/4 per cent in today's market) would amount to $79.25 per month instead of 
$93.13. The total interest for the 7 years would be $1,407, not $2,573 - a 
45 per cent saving.
Although the purchase price of a mobile home appears to be low in cost, 
the high cost of chattel financing increases the monthly payments and total 
cost of a mobile home substantially.
Today, a mobile home depreciates approximately 10 to 15 per cent of its 
base cost the first year and 5 to 10 per cent each year thereafter. This 
relatively high depreciation rate causes lenders to take a close look at a 
borrower's credit and to require an adequate down-payment, usually a minimum of 
15 per cent. Mobile homes, although a building, are personal property while the 
house on t.ne lot is real property. The mobile home is largely depreciated over 
a 10 to 15 year period, but in recent years conventional housing in most areas 
has depreciated little, if at all, or has even appreciated. Real property ap­
preciation over the years has come from the Increase in the value of the land 
under the house, not the house Itself which as a building depreciates 2 per cent
TABLE 2
COMPARATIVE COSTS IN OWNING A MOBILE HOME OR A CONVENTIONAL HOUSE
Mobile Home Conventional House
on 7 year* basis on 30 years basis
Total acquisition cost S 6.530. $15,400.
Purchase Trice 6,200. 15,000.
Money outlay at time of purchase:
Sales tax and processing fee 330.
Closing costs 400.
Down payment (10X) 620. 1.500.
Amount financed $ 5,250. $13,100.
Other estimated costs:
License fees and ownership tax S 525.
Insurance 630. $ 2,100.
Appliances and furnishings 2,580.
Maintenance 650. 6,300.
Site extras 200.
Landscaping 500.
Principal and interest payments 7,823. 38,801.
Taxes 13,500.
Park rental 4,620.
Total of other eatlmated cost* $14,448. $63,781.
Total money outlay over 7 and 30 years $15,398. $65,681.
Average monthly cost 183.31 182.45
Equity assumed after 7 and 30 years 3,100. 15,000.
Average BK>nthlv coat aftar dad acting squlty 146.40 140.78
a year as a rough rule of thumb. This depreciation factor also tends to limit 
the entrance of low-income people into the mobile home market.
Actually many low-lncosw families cannot afford either the aoblle home or 
che conventional house. A comparison of the main cost considerations of these 
two types of shelter is shown in Table 2.
From the above analysis it appears that the conventional house is the 
lowest cost housing from a long tern standpoint. The lower initial money outlay 
requirement makes the mobile home an attractive alternative for those with little 
savings. Other factors, influencing the choice between these two housing alterna­
tives, Include appearance and general acceptance, livability, location and lot 
size, storage space, less housekeeping and maintenance.
Until a "breakthrough" is made in industrialized housing, mobile home sales 
should increase compared to other forms of unsubsidized low-cost housing, and 
particularly if its rapid depreciation can be slowed, and if it can be financed 
with more favorable interest costs. Additional mortgage funds must be made 
available to create a more competitive financing market for all our housing needs. 
More and cheaper land and higher density use are also necessary. The updating 
and liberalizing of our local building codes to allow the use of newer, better, 
and less expensive building materials and methods is long overdue. Restrictive 
zoning is also a serious obstacle, especially to lower land costs. These changes 
would not only lower the cost of the mobile home but also the costs of conventional, 
sectlonalized or modular, and other types of manufactured houses. We have seen 
that most of our low-income families cannot afford our "low-cost housing" which 
is the "lowest-cost housing" now being provided by the housing industry. What 
we need desperately today is "lower-cost housing" than the mobile home and the 
conventional house as we know them, and it must be priced within reach of our 
low-income people.
CONCLUSIONS
Mobile home sales today and the data from the two surveys reviewed confirm 
that the mobile home provides adeauate and acceptable housing for an increasing 
number of our people. It is Questionable, however, if it can be called low-cost 
housing per se although it appears to be the lowest cost housing presently 
available In any quantity.
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CULTURAL BASES OF PREFERENCE FOR THE VISUAL APPEARANCE OF 
RESIDENTIAL ENVIRONMENTS
By
Peter G. Flachsbart* and George L. Peterson**
Introduction
The following is a presentation of results obtained from interviews 
of a randomly selected sample of university undergraduates who participated 
in an experiment to determine their preferences for the visual appearance 
of various residential environments. The purpose of the study is viewed 
as a test of E. T. Hall's* hypothesis that an individual's use of 
architectural space is dependent upon his cultural background, the major 
assumption being that the individual's use of architectural spaces will 
effect his preference for these spaces. The specific hypotheses tested 
are detailed later.
Problem Definition
Given an expanding population which generates an expanding need 
for housing, one might expect as solutions: (1) mass-produced units 
without regard for individual differences however defined in the population,
and/or (2) housing built to an ethic which states that lew cost housing 
2should look low cost. The premise upon which the problem is defined and 
the experimental work carried forth is that the welfare of society is 
enhanced when individual preferences are satisfied. The ostensible problem 
is that these preferences are themselves not always so ostensible. That 
is to say, for example, what are the housing preferences of the disadvantaged 
black minority in this country? And, are these preferences significantly 
different from the preferences of the white majority?
Other Work and Hypotheses
3 4Two studies, one by Meadow, and the other by Lamanna, have 
identified differences between lower-income blacks and middle* and 
upper-income whites with respect to attitudes toward the neighborhood 
environment. Meadow found that black families were much more oriented 
toward qualities which make for good failly living conditions (cleanliness, 
city services, schools). White respondents were more interested in the 
neighborhood because of its convenience of location to shopping and jobs. 
Lamanna found that "sociability factors" (such as ''friendly people*’) 
were relatively more important to whites, and that "physical factors"
(such as "quiet") were more important to blacks. He explained this 
result by hypothesising that the black group may have had feelings of depri­
vation with regard to the physical values, and therefore may have inflated 
the importance of the value. The white group, in contrast, being accustomed 
to the physicl values, may have taken them for granted and therefore did 
not value them highly. In other words, he stated that people valued most 
that which they had the least.
Peterson  ^used photographs of residential neighborhoods and asked 
each subject to rate each photograph for each of several characteristics, 
such as, "spaciousness," "beauty,” "greenery," "privacy," and others.
Ratings were performed in terms of a categorical scale which ordinally 
describes the variable in question. He proposed that preference for the 
visual appearance of residential neighborhoods was a function of “physical 
quality," "harmony with nature," and "visual variety." The "physical 
quality" factor was related to the perceived newness a d  expensiveness of
*Doctoral Candidate, Dept, of Civil Engr., Northwestern Unlver., Evanston, 111.
**Assoclate Professor, Dept. ofClvil Engr., Northwestern Unlver., Evanston, 111
factor was related to 
the perceived mount of greenery, privacy, open space, and naturalness.
His subjects were primarily middle- and upper-income whites.
Finally, Hall 6 states that ghetto blacks prefer small scale structure 
and environments which provide opportunities for group cohesiveness. Such 
opportunities, he claims, are alleys to be paved, yards to be kept up, and 
houses to decorate. Suburban whites he claims put more emphasis on privacy.
From this brief review of prior work are based the following 
working hypotheses:
1. That lower-income blacks prefer environments that have 
cleanliness, quietness, small scale, and structures which 
provide possibilities for group cohesiveness;
2. That middle- and upper-income whites prefer environments that 
have ease of access to employment, schools, and shopping; privacy; 
physical quality; harmony with nature; and visual variety.
Methodology
The sample consisted of 109 undergraduates with non-foreign home 
residences, randomly selected from two area schools: Northwestern University 
and the National College of Education. In actuality, two sonpling procedures 
were executed— one for black students and one for white students--because 
the black student populations are a small minority at each school. Since 
the student body is also heavily biased toward students from wealthy 
suburbs of large northern cities, the sample was further stratified into 
five categories of home residence. The categories were: southern small 
city, southern large city, non-southern small city, non-southern large 
city/suburb, and non-southern large city/inner. Those states considered 
southern were: Oklahoma, Texas, Louisiana, Arkansas, Mississippi, Alabama, 
Georgia, Florida, North Carolina, South Carolina, Kentucky, Tennessee, West 
Virginia, and Virginia. The cut-off between small city and large city 
was 250,000 population.
During each interview, the subject was shown twelve pairs of 
projected slides (one on his left and the other on his right separated by 
a couple Inches) picturing different types of housing and neighborhoods.
A reproduction of the twenty-four slides is given in Figure A. He was 
not told where the photographs had been taken. As each pair was shown, 
the subject was asked to choose which of the two he preferred and to 
explain his choice. The explanation was to be stated in physical terms of 
what he had observed in the slides. The subject was asked to modify 
each response to the extent that he either liked (+) or disliked (-) the 
characteristic he awntloned. In no case did the intervliwer ask any 
leading questions which might have imposed his m m  values. Owing to the 
racial situation at the two schools, as elsewhere in the nation, the 
decision was aide that black students would interview blacks mid white 
students would interview whites to facilitate coMumlcation.
The slides used in the study had been taken in various parts of the 
eastern half of the nation. They were taken by both black and white 
photographers to allow for differences in perspective. A group of three 
black and six white students chose twelve slide pairs after viewing many 
combinations. Scam pairs were selected to test the working hypotheses.
the neighborhood, while the "harmony with nature'
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In tabulating results each characteristic mentioned by the subject
Others were selected for developing hypotheses for future studies. In all 
cases pairs of slides were selected which would present a difficult choice 
to the viewer (i.e. not just a run-down shack vs. an expensive estate).
Slides were used instead of enlarged photographs in order to 
lessen distractions. The dark area around the bright, projected slide 
was beneficial in that it minimized outside visual interference. The 
subject sat approximately 100 inches from the screen and the projector 
was arranged such that the viewer's angle of vision was approximately
Left Right
Results
appeared as a code word, attached with a (+) or (-). Since the same 
code word might have slightly different meanings from slide,pair to slide 
pair, no tabulations of code words were made across slide pairs. The 
assumption was made, however, that for a given slide pair a code word 
held a constant meaning for all subjects. Therefore, the reasons were 
tabulated per slide pair rather than aggregated. To determine what similar-
Left Right
FIGURE A
Black-and-White Reproduction of the Twenty-Four 
Color Slides used in the Study
18 degrees in an attempt to maximize the subject's involvement with the 
slides.
To interpret the responses used by the subjects to describe the slides, 
a word-coding system was devised. The keywords (nouns and adjectives) of 
the responses were looked up in the index of Roget1s Thesaurus of Words 
and Phrases. The generic word referred to in the Thesaurus was then used 
as a code word. This coding system resulted in similar reasons having 
the sane code word. Each code word was then labeled as being either 
positive or negative, depending upon whether the subject liked or disliked, 
respectively, that particular characteristic that he mentioned.
149
ities and differences existed in the population as defined by race and 
income (white students from families with incomes above $10,000 and black 
students from families with incomes below $10,000) a Chi Squared Contingency 
Test was made.
Slide Pair #1: comparison between mixed land-use (left slide) and 
residential (right slide) neighborhoods. Black students from lower-income 
families and white students from middle- and upper-income families agreed 
in their choice. They significantly chose the residential neighborhood. 
While the reasons they gave differed the two groups agreed to the extent 
that they liked the right slide because of its residential character, and
disliked Che mixed land-use neighborhood because of Its stores and the 
fire escapes on the buildings' facades. The white students particularly 
were more sensitive to the vegetation of the residential neighborhood, finding 
this characteristic a positive one. For black students there was a tendency 
to remark negatively about the crowded conditions of the mixed land-use 
neighborhood.
Slide Pair #2: comparison between contiguous, multicolored brown- 
stones (left slide) and uniformly grey, detached, two-family flats (right 
slide). For this pair neither slide was clearly preferred by either group. 
However, there was a significant tendency for the white students to react 
more negatively than the black students to the uniform appearance of the 
right slide.
Slide Pair #3: comparison between two 221(d)(3) projects: the left 
slide a cohesive, uniform design and the right slide a design of variegated 
shapes and colors. Both groups significantly chose the right slide. For 
the black students there were no dominating reasons for this choice. The 
white students on the other hand commented favorably about the visual variety 
of the right slide, significantly more so than did black students.
Slide Pair #4: comparison between an urban slum (left slide) and a 
rural shack (right slide) . Both student groups significantly chose the 
rural scene. The two groups agreed in commenting negatively about the 
crowdedness of the urban slum and positively about the greenery of the 
rural scene. In particular, the white students were significantly more 
sensitive than the black students to the dirt and litter of the urban scene, 
reacting negatively to this characteristic. Members from both groups 
canmented about the quietness and privacy which seemingly existed In the 
rural scene. However, not enough people commented to warrant concluding 
that these characteristics were important for the entire group. ^
Slide Pair #5: comparison between a futuristic, multi-story Structure- 
Habitat-- (left slide) and a modern, cohesively designed, multistory apartment 
building (right slide). The two groups differed significantly in their 
choice. White students chose the left slide, while the black students were 
divided betveen the two. No clear reaaons Merged to explain this dis­
crepancy in preference. There was a tendency for the black group to react 
negatively to the height of the modern apartment building.
Slide Pair #6: comparison between a large, old house (left slide) 
and a small, new house (right slide), both in the suburbs and in good 
condition. For this slide pair the two groups differed significantly In 
their choice. Lower-income blacks chose the ranch style house depicted In 
the right slide. Middle- and upper-income white students found the older 
home a slight favorite. The white group also disliked the sameness of the 
ranch style heme, while the black group disliked the large else of the 
older home.
Slide Pair #7: comparison between two uni form-looking structures: a 
two-story project (left slide) and a multi-story project (right slide).
Both student groups significantly chose the left slide. The black group, 
significantly more so than the white group, reacted negatively to the 
height of the structure in the right slide. For the white student group 
no dominant reasons emerged from a mix of reactions.
Slide Pair #8: comparison between contiguous, urban houses of various 
shapes and colors (left slide) and scam very identical looking homes in a 
suburb (right slide). For this pair the two groups differed sharply in 
their choice. The iriilte group significantly chose the left slide; while
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the black group significantly chose the right slide. In their reasons both 
groups reacted negatively to the uni from appearance of the suburban homes. 
Black students chose these homes nevertheless because of the greater amount 
of space afforded by the front lawns. The white student group chose the 
left slide because of its visual variety and its vegetation, which existed 
in the form of a couple trees and some climbing ivy on the facades of 
several luxnes. No lawn existed in this scene as the homes fronted an alley.
Slide Pair #9: comparison between two low-cost structures: the left 
slide depicted private homes which looked somewhat rundown, and the right 
slide showed a public housing project the houses of which looked like 
uniform, military barracks. Neither slide was clearly preferred by either 
group. Both groups agreed to the extent that they disliked the deterioration 
present In the left slide and the uniformity of the public housing. The 
white students particularly reacted favorably to the Vegetation surrounding 
the private homes.
Slide Pair #10: comparison between a rural shack (left slide) and 
an urban residential street where the houses are in disrepair (right slide). 
For this pair the two groups differed significantly in their choice. For 
whites the left was a slight favorite, while blacks significantly chose 
the right. Both groups agreed in ccementing negatively on the deterioration 
evident In the rural shack. The white group particularly was sensitive 
to the deterioration evident in both slides In the form of cracked and chipped 
paint. In addition, they ccemented favorably regarding the vegetation 
present in the rural scene.
Slide Pair #11: comparison between two residential homes: the right 
a two-story, southern colonial mansion and the left a single-story house 
also with a southern colonial motif. For both groups the left slide was a 
significant choice, the reason being the enormous amount of vegetation 
which surrounded the house. In addition, there was a tendency for the 
black students to react negatively to the large size and the upper class, 
mansion appearance of the right slide.
Slide Pair #12: comparison between contiguous, urban brownstones 
(left slide) and detached urban homes (right slide). Both groups agreed 
In significantly choosing the detached urban homes. They agreed to the 
extent that they liked the vegetation that existed there. They also agreed 
In disliking the parking meters which were standing on the sidewalk in front 
of the urban brownstones. Black students particularly perceived a certain 
degree of crowdedsess in the contiguous nature of the brownstones.
Evaluation and Interpretation
In summary one finds that both white and black students valued 
positively such things as vegetation, spaciousness, and physical variety.
Both groups valued negatively the converse of these characteristics. That 
is to say they did not like slides which depicted little qr no vegetation, 
crowdeckiess, and physical uniformity. In addition, they*Both valued 
negatively deterioration, fire escapes, and parking meters.
The second hypothesis was that middle- and upper-income whites prefer 
environments that have ease of access to employment, schools, and shopping; 
privacy; phyalcal quality; harmony with nature; and visual variety. For 
the latter three characteristics the results Indicate that this hypothesis 
was too narrow. Not only do whites, but lower-income blacks also value 
these qualities. Hence, Peterson's findings, which were based on a sample 
of affluent whites, also apply to lower-income blacks. Regarding the ease of
access and privacy characteristics of the hypothesis, no conclusions can be 
made, because the data are in su ffic ien t to test these characteristics .
One should note that those characteristics which were e ither  
positively  or negatively valued have only re la tiv e  importance and not 
absolute importance. Those characteristics which were not depicted in 
these s lid es , e .g . the presence o f a body of water, were never mentioned 
by the subjects because the stimulus was not in the s lid e . However, the 
absence of the stimulus does not make the characteristic  less Important 
than those characteristics which were present. Hence, those characteristics  
which were mentioned have only re la tiv e  importance; re la tiv e  in the sense 
that the importance o f the characteristic  to groups of subjects, selected 
on the basis o f preordained characteristics , can be compared.
For example, on the issues of v isu a l variety  and spaciousness, there 
was some difference v is -a -v is  black students to whites. When spaciousness 
was not an issue, but variety  was ( i . e .  variety vs. uniformity in  physical 
appearance), both blacks and whites reacted negatively to uniformity ( i . e .
Slide Pair #9 ). And when variety  was not an issue, but spaciousness was 
( i .e .  spaciousness vs. crowdedness), then both groups decried crowdedness 
( i .e .  Slide Pair #4). However, when both variety  and spaciousness were 
the issues and the two were pitted against each other as a lternatives, then 
blacks chose spaciousness over variety , whereas whites chose variety  over 
spaciousness ( i . e .  S lide Pair #8).
One might explain this result as Lamanna did. The individual is  
most sensitive to that o f which he is  deprived, thereby causing him to 
in fla te  its value. Lower-income blacks may be sensitive to crowded conditions. 
One notes that as a group they valued spacious conditions much more so than 
the white students ( i . e .  Slide Pairs #1, 8, 12). The whites, the majority 
from suburbs took spacious conditions fo r granted, but were, in fact, sensitive  
to uniform environments, indicating perhaps that their homes were of the 
"ticky-tacky" variety ( i . e .  S lide Pairs #2, 3, 6 ).
The f ir s t  working hypothesis concerning lower-income blacks was 
confirmed only to the extent that black students objected to t a l l  and big  
structures ( i . e .  Slide Pairs #5, 6, 7, 11). Such a finding would tend to 
support H a ll 's  contention that blacks p refer small scale structures. The 
data was insuffic ient to test whether blacks prefer environments which o ffer
p o s s ib il it ie s  for improvement, quietness, and clean liness . In a l l  
probab ility  the s lid es  do not contain the stimuli which would arouse 
responses from the subjects regarding these characteristics.
There are a few resu lts  which are extraneous to the> hypotheses and 
which do not f i t  any known theory. One is  that black students objected 
to environments which make overt displays o f wealth, ostentation, and 
n o b ility  ( i . e .  Slide Pair #11). A close look at Slide Pair #11 shows 
that what the black students rea lly  objected to was a southern colonial 
mansion, a symbol o f obvious negative connotations. A second resu lt is  
that blacks had a tendency to object to old buildings ( i . e .  S lide Pair #6). 
A th ird  is that while both groups reacted positive ly  to vegetation, the 
white group reacted such more often ( i . e .  S lide Pairs #1, 8, 9, 10). 
F inally , both groups preferred res iden tia l areas to neighborhoods with 
mixed land-use ( i . e .  S lide Pair #1).
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by Dennis H. Parr*
A SELF-HELP PROCESS FOR LOW COST HOUSING
CONSTRUCTION IN PITTSBURGH
INTRODUCTION
A unique se lf-h e lp  program for low cose bousing construction 
has become extremely popular in Western Pennsylvania and Northern 
West V irg in ia . In addition, this type of housing construction 
has provided an excellent, low cost, high quality home at a s ig ­
n ificant savings over comparable tailor-made structures.
In th is type of construction process, the component parts of 
each new home are b u ilt  to the specifications and blueprints of 
the individual customer at the main assembly plant o f Lincoln Homes 
in Elizabeth, Pennsylvania. The largest components bu ilt  at the 
Lincoln Plant are the exterio r w alls. These are preassembled in 
a special j i g  where the sid ing, i f  desired, is  applied and primed. 
Windows are hung and glazed, and a l l  roof trusses fabricated from 
select structural grade lumber. Prefabricated door headers and 
in terio r partition  w a lls , along with prehung exterior doors are 
also assembled at the plant.
THE BASIC HOME
Each home is  designed fo r  a f u l l  basement, crawl space or 
concrete slab  foundation. Supporting girders furnished are 6 x 10 
wood laminated Douglas F ir . S i l l  plates are 2 x 6  with 2 x 8  op­
tional at extra cost. Floor jo is ts  are 2 x 8  with increased dimen­
sional s izes provided as required by increased span lengths. Metal 
or wood bridging is  furnished as required. Sub-floor sheathing is  
1/2 inch CD plywood or 1 x 8 wood sheathing. Basement s ta irs  are 
prefabricated with 2 x 10 wood treads.
A l l exterior w alls are completely factory assembled with 
grade stamped lumber, consisting of 2 x 4 bottom plates, 2 x A 
studs on 16 inch centers and double 2 x 4  top p lates. Sheathing 
is  1/2 inch asphalt impregnated insulation board. Clear beveled 
wood sid ing  3/4 inch by 10 inches is  factory applied and primed 
with one coat of white paint. Exterior door and window openings 
are framed with two 2 x 10 headers. Corner bracing is  1 x 4, 
le t - in . A l l  windows are glazed and insta lled . Each wall panel 
comes completely assembled for rapid erection at the particular 
homesite.
Standard windows provided are the aluminum slid in g  type with 
screens. Wood double-hung, awning or casements are available  at 
additional cost. A ll g lass meets Industry and specification  standards, 
with insulated glass optional at additional cost.
Gable and roof ends are completely assembled with louvers or 
windows insta lled  according to the Individual plan requirements.
The roof and ceiling Includes 2 x 6  roof ra fte rs , spaced on 
16 inch centers. Each ra fte r  is factory precut to exact dimensions 
with a l l  required angle cuts and notches. TVo by four co lla r ties 
are supplied as required. Ceiling jo ists  are 2 x 6  spaced 16 Inches 
on centers and, when design indicates longer spans, 2 x 8  jo ists are  
furnished. Lincoln Homes use standard 1/2 inch CD plywood or 1 x 8 
sheathing. Shingles are 240 lb . asphalt sea l down over IS lb. roof­
ing fe l t .  Aluminum gutters and downspouts to s i l l  plate are furnished 
per plans.
In terio r partitions are preconstructed using 2 x 4  studs on 
16 inch centers. Each is  factory cut to precise dimensions. Two by 
four double top plates are furnished for a l l  bearing w alls. A ll door 
openings are framed with double headers.
Entrance doors are 1-3/4 inches thick flush or panel types. Many 
sty les are availab le . Doors are completely assembled, hinged, hung 
and ready to place in individual openings. Door jambs, weather s t rip ­
ping, aluminum thresholds and hardware are included. A ll exterior trim 
mouldings, facia , and window and door casings are Included per plans.
For a l l  m ulti-level homes, finished sta irs  are factory assembled 
with oak-treads.
Two-inch thick blanket type Insulation, for application between 
jo is t s ,  is  furnished for ce ilings. Standard exterior w a ll construction 
provides 1/2 inch asphalt impregnated sheathing.
In te rio r Trim
Oak flooring, 25/32 inch x 2~l/4 inches standard and better grade 
is  furnished for the entire main floo r area, excluding kitchen and 
bath, where 5/8 inch Premium Grade Plywood underlay is supplied. Heavy 
duty build ing paper under finished flooring is a lso  Included.
In terio r doors are flush type birch, furnished with prefit wood 
jambs, stops and complete with hardware. Sliding doors and louver 
doors are included per plans.
Ranch type casings, baseboards and shoe mouldings are of c lear  
white pine or equal. Bases are 1 inch x 3 Inches, casings are 11/16 
inch x 2- l/4 Inches and shoe moulds are 1/2 inch x 3/4 inch.
lA sslstant Professor of Structural Engineering, University of South 
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Window s i l l s  are white Ita lian  marble, 3/4 inch x 5 inches for 
a l l  homes with aluminum s lid ers . When specifications c a ll fo r wood 
windows, wood s i l l s  are furnished. Closet shelves and supports of 
white pine or equal are furnished.
A l l fin ish  and flooring n ails  are furnished as required for 
each individual home. A ll door and window hardware is  of top quality  
brass or chrome. A l l  door locks and butts are Installed at the 
factory.
ASSEMBLY
The next step in the construction process is  to ship the individ­
ual prefabricated component parts to the homesite where a team of 
company assemblymen arrive  at the s ite  at the same time the truck 
arrives . The complete shell of the home is  up and the house enclosed 
normally within one day. Some customers choose to erect the home 
themselves with the aid  of friends and relatives in  order to take 
advantage of even greater savings.
At this stage, i t  is  le ft  to the homeowner to fin ish  the job. 
Depending on his proficiency, he w i l l  normally e lect to en lis t  the 
services of local craftsmen to a ss ist  him with some of the remaining 
tasks leading to completion of the structure. This might include 
e le c tr ic a l w iring, plumbing, and heating services and so on. I f  
desired by the homeowner, Lincoln Homes w i l l  furnish a l i s t  of sub­
contractors used by previous customers.
Here it  should be stressed that in addition to supplying the 
basic home, the company w ill also contract to erect the basic  home, 
i f  desired by the owner. However, a l l  other work must be completed 
by the owner or he may do any of the work himself.
The company also furnishes plumbing, wiring and heating packages 
at additional cost i f  desired by the owner.
The standard plumbing package includes a cast iron bathtub, 
lavatory, closet, laundry tray and a l l  necessary fitt in gs  and supplies 
to complete the in terior plumbing. Water lines are of copper and the 
so il pipe extends to the drain in the basement flo o r . A forty -ga llon , 
gas -fired  automatic water heater with glass lined tank is  also pro­
vided. E lectric water heaters and larger sizes are optional at extra 
cost.
The standard wiring package includes a l l  the necessary romex 
wiring receptacles, silen t switches, doorbell and chimes, 16-circuit 
breaker box and a lighted medicine cabinet.
The standard heating package furnishes a completely pre-engineered 
g as -fired , forced warm a ir  system, with fabricated duct work, g r i lle s  
and automatic controls. An o i l - f ir e d  heating system, including fuel 
o i l  storage tank and fitt in gs  is also available at extra cost.
Purchase of any or a l l  of these packages is particu larly  con­
venient i f  the homeowner is doing most of the insta llation  himself.
Each o f the items is  also very competitively priced since they are 
purchased by the company in large lots.
One thing the company does demand before entering into a con­
tract to build the home is that the owner own a lo t . Once this is  
settled , the customer then selects one of the homes from the firm 's  
catalogue, or i f  he supplies his own plans, the company w i l l  use 
these fo r  the development of working drawings.
The factory bu ilt  components truly do eliminate the need for 
fu l l  carpenter s k i l ls .  It is  fa ir ly  simple for an owner, with a 
l i t t l e  help from friends and a Lincoln Home supervisor to erect the 
complete basic hose.
The company o ffers the potential homeowner help and informa­
tion in  obtaining the financial aid needed to buy and bu ild  the 
hone. A free consulting service is  also offered to assist  and 
provide guidance to the homeowner. This service is  particularly  
valuable to those with no previous experience in this type of 
endeavor.
CONCLUSIONS
By acting as his own general contractor, the purchaser saves 
the usual p ro fit resulting from this service. By doing afich of the 
f in ishing work himself, he saves the wages involved in this portion 
of the job.
These savings are no myth. More than 20,000 fam ilies have saved 
up to $5,000 through the purchase of this type of hone and by doing 
much o f the fin ish ing work themselves. Many owners have found that this 
se lf-h e lp  program permits them to own a hone much finer than they could 
ever possibly afford to purchase on the open narket.
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FOUNDATIONS FOR LOW-COST HOUSING
by Norbert 0.
The function of a foundation is to transmit the weight of 
the superstructure and live loads imposed on it to the soil at 
a stress that the soil can withstand. The soil must possess ad­
equate shear strength to prevent a failure by rupture of the 
soil. This resistance is known as bearing capacity. For de­
sign a factor of safety of three is usually allowed for the dead 
weight of the structure plus the maximum combination of live 
loads that is likely to act during the life of the structure.
In addition, the soil must also be able to withstand the loads 
without detrimental settlement. The exact amount of settle­
ment that is detrimental is determined by the structural system 
and its ability to withstand displacements of members and second­
ly., the use to which the building is to be put. A pin-connected 
steel structure could withstand large settlements without over- 
stressing the individual columns and beams, whereas the tolerance 
of a concrete rigid frame structure is much less. Often a value 
of one inch total settlement is the criteria adopted for allow­
able settlement of a reinforced concrete building. To design a 
foundation, a separate bearing capacity analysis and a settle­
ment analysis must be made using two separate soil engineering 
properties. Often different stress inputs must be used.
If the soil can accept the stresses at a shallow depth 
without being overstressed or overstressing underlying soils, 
a shallow foundation is indicated. In some cases, shallow 
soil layers are weak and compressible, or soils within the 
zones of stress influence below these shallow soils are weak 
and compressible. If so, a deep foundation is indicated. Usu­
ally, the additional density achieved from the weight of over- 
lying sediments means that soils tend to become stronger and 
less compressible with depth, but unhappy accidents of geology, 
such as organic deposits of loose silt or sand prevent this 
generality from being usable without verification. There are 
several types of shallow foundations. An individual spread 
footing is an enlargement of the base of a column so that the 
column load is "sDread" to accomodate the load tc the stresses 
that the soil can withstand. For a wall, the wall footing, an 
enlargement of the base of the wall is common. Reinforced con­
crete is the preferred material, but obviously masonry, rubble, 
or treated wood grillage might also be employed. Another shal­
low foundation is the mat or raft in which all loads are trans­
mitted to a single well-reinforced concrete surface which cov­
ers the plan area of the structure.
Deep foundations include piles, piers, and caissons.
The recent new materials revolution has made few contribu­
tions to foundation practice. For shallow foundations, cast- 
in place concrete is superior to precast prestressed concrete 
in that laborious hand leveling and cleaning off "high spots" 
is not required. In the realm of deep foundations, prestressed 
concrete piling has been used, but most material changes have
r:
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been evolutionary rather than revolutionary. New construction 
machinery to excavate for deep foundations has been developed, 
but largely this is a response to the spiralling cost of labor 
in technologically advanced countries.
Whether we are dealing with a technologically developed 
economy or not, deep foundations are expensive, whereas the 
spread footing-wall footing type is relatively inexpensive.
There is a quantum-jump in cost as stresses exceed those that 
can be carried satisfactorily by a spread footing foundation. 
This fact of life is well recognized by every foundation engi­
neer. For a one-story warehouse building, an inexpensive foun­
dation can suddenly become the major cost, exceeding that of 
the superstructure. The obvious solution is to make the struc­
ture lightweight or to choose site locations where the soil con­
ditions at shallow depths and within the zone of significant 
soil stresses are excellent. An example known to the author 
was when a corporation obtained an option to purchase land to 
be used as a warehouse with the right to conduct a foundation 
exploration. The question posed to the foundation engineer 
was, "Can a simple one-story warehouse be supported on spread 
foundation footing or are deep foundations required?" The an­
swer was affirmative. Had the answer been negative, the addi­
tional cost for a deep foundation, (piles), would have have 
been tens of thousands of dollars per acre.
Expressed in such a manner, it is plain to see that foun­
dation costs should be ascribed to site costs. An alternate 
site, costing ten thousand dollars per acre more than the ori­
ginal might have truly been a bargain if it meant the differ­
ence in cost between a spread footing foundation and a pile 
foundation could be saved.
A given site however, might be suitable for a light 
structure and not for a heavy one. For a given structure the 
maximum system of loads varies with the geologic soil profile 
and the settlement criteria. For a given site the use of 
spread footings may or may not be possible by changing the de­
sign from heavy construction (mass concrete, heavy masonry, 
eta) to lightweight (steel framing, lightweight curtain walls, 
etc.). If a standardized design of low cost housing is adopt­
ed, some foundation savings may accrue to a lightweight system 
as opposed to a heavy one. This is one of the advantages of 
mobile home trailers for invariably their foundation costs are 
negligible.
The other method to avoid the use of expensive foundations 
is to select sites with soil conditions that are adequate to sup­
port the design loads on shallow foundations. This is done by 
exploration, sampling and proper interpretation.
Exploration is simply the gathering of information of the 
extent of the soil bodies and their engineering behavior. It 
follows principles of inference and statistics. It is some-
Associate Professor of Civil Engineering, University of 
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times quite foreign to the nature of the architect and struc­ logic agents. A soils engineer understands geology therefore
tural engineer. Steel is a man-made material with centuries a study of geologic reports of an area would give him a picture
of development, and is generally a rather uniform material. of the expected nature of the soil deposits and a very general
Its properties are given in a handbook. There is no need for picture of the expected range of soil properties. Almost never
the engineer to sample and test each shipment to ascertain de­ would such a report be a sufficient basis for choosing founda­
sign values to be used. tion design values, but it is very pertinent to the selection
The problem in soils is complicated for there is a great of the soil exploration program.
deal of variation in engineering properties within a soil stra­ The interpretation of airphotos by an expert is another
tum which has at least a color and textural similarity. Even valuable method of obtaining general soils information. In the
if some reasonable estimate can be made of the properties of United States it is rarely necessary to have airphoto missions
the stratum, the extent and dimensions of this stratum are a flown. The U.S. Department of Agriculture Agricultural Stabi­
function of the geologic agent which deposited it. Some de­ lization and Conservation Service provides coverage of all
posits by their geologic nature are reasonably extensive and counties in which there is virtually any agricultural activity.
uniform, others have uniformity over only a small area. A Thus 95% of the area east of the Rocky Mountains is photographed
four-story apartment house may significantly stress a soil every five to eight years. Much of the other area is photo­
volume approximately equal to the plan area of the building to graphed by the U.S. Forest Service. The United State Geologic
depth of twenty feet, depending on the exact nature of loads Survey also has extensive coverage of the U.S. For foreign
and materials. This may be a volume of soil of several thou­ countries, the coverage may not be so thorough, but even old
sand cubic yards. Yet the foundation engineer must assess the airphotos are generally valuable for soils investigation pur­
range of engineering properties of this soil mass with a boring poses. Except in the floodplains of major meandering streams
and sampling program that will recover less than one-millionth and in a few other locations, soil conditions change little
of that volume of soil. over a twenty-year period.
Exploration then, includes the boring of a hole and the The airphoto is a picture of surface conditions and as
taking of a sample from the hole. If the soil is cohesive in such reflects the surface geology and soils. Viewed stereo-
nature, neither strength nor compressibility can be accurately scopically, a great deal of information may be inferred about
assessed if the soil sample is disturbed, although rough esti­ the geologic materials and processes which have formed the land­
mates can be made. Special measures are then required to pre­ scape. The analysis of drainage patterns and gully shapes of­
vent sample disturbance. Even so, the sample chosen may not ten serves to detect the granularity of the soil deposit, and
have been typical of the soil mass. A thorough sampling pro­ often the geologic origion can be inferred. Areas of potential
gram is required, just as the Gallup poll cannot be content to soil problems can often be seen on airphotos where they may be
interview just one voter. missed on the ground. Area of swamps, marshes, soil with high
For cohesionless sands and silts, the prospect of obtain­ organic content, sites of former landslides, etc. can be readily
ing undisturbed samples from a borehole are reasonably remote, detected.
especially if the sample is to be taken from below the static Airphotos should be used as an aid to final interpretation
water table. For this case, the standard penetration tests, a and for the design of an on-site exploration program. But even
dynamic measure of soil density and resistance to penetration so, the U.S. Army has had moderately good results in trying to
is employed. This penetration resistance correlates with the predict the suitability of land for cross-country tank mobility
strength characteristics and compressibility of the soil. The by airphoto means. The soil is often not available for direct
elevation of the water table is also sought from the field ex­ test for military reasons.
ploration. Agricultural soils survey reports, where available, are an
On-site exploration in underveloped countries poses some excellent source of information. Recent United States County
problems and opportunities. Expensive rotary drilling equip­ Surveys are extremely detailed and even have a section describ­
ment used in soils exploration in the U.S. is largely a capi­ ing the engineering soil properties. Even if this section is
tal intensive labor-saving device. The methods of the 1930's, not present, the agronomist routinely performs several tests
the hand-dug test pits, are often as good or better, and obvi­ which are of use to the engineer, viz. Atterberg Limits and
ously more suited to labor-intensive economic societies. The grain-size analysis of the soils. In the broad sense, some
wash-boring rig, uses a simple tripod, a water pump, and per­ soil types and classifications reflect certain geologic parent
haps manpower at the end of a rope to propel the 1**0 pound ham­ materials and this knowledge is an aid to the foundation
mer or to raise and lower the chopping bit. It may seem unso­ engineer.
phisticated, but it is an excellent substitute for a mobile ro­ The full extent of the required exploration program may
tary drill rig, which could not be economically justified in a unfold only as the various preliminary surveys and as the on­
labor-rich economy. site programs provide data. Beyond a certain amount, the in­
Soils are geologic materials, placed or deposited by geo- formation becomes redundant, up to this point the design is too
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risky. No rules of thumb can guide the architect, structural Often such a problem can be the result of a failure in com­
engineer, or owner as to how much information is necessary. munication between architect and soils engineer. The original
There is no substitute for a trustworthy competant foundation plot plan requires little excavation, and the soils engineer
engineer. Often when severe money limitations are placed on proceeds with his investigation and design recomirtendations. A
the foundation engineer the response is that the engineer pro­ few footings are on shallow fills. Then discoveries are made,
vides a larger factor of safety, which is, after all, a margin the plot plan is changed and deeper fills are required. The
of error. If this means a difference between the possible use footings do not stress the fill material to a greater degree so
of spread footings and the use of piling, the price for the the soils engineer is not called upon to change his design. But
lack of information may be indeed high. There is no low-cost now the weight of the fill stresses the natural ground to a
exploration, only intelligent exploration. much greater degree and a problem is born.
For individual housing units, sometimes overdesign is The author is familiar with a case that illustrates the
cheaper than an engineered foundation. This is often done for dangers of stresses applied by embankments. A series of row-
foundations for U.S. housing. For mass housing this could be house apartments, two stories high, were constructed. In part
dangerous. For individual custom-built homes, if one founda­ of the site, up to sixteen feet of embankment fill was required
tion was not adequate it might take a period of weeks or months to achieve the desired grade. The underlying natural ground
to determine, and subsequent construction could use more con­ included a deposit of compressible organic clay, several feet
servative designs. For mass housing, if a soils problem exists, in thickness. Even though the one apartment house was
many houses would experience the distress. A general site ex­ placed on piles to distribute the foundation loads below the
ploration coupled with some simple on-site tests as the foun­ organic layer, the weight of the embankment caused the organ­
dation is excavated, could be an acceptable compromise. ic layer to flow plastically, elongating the apartment build­
There is a strong tendency to standardize designs for a ing and opening tension cracks in the structural concrete of
low cost housing project. Often, in order to use a standard the building. At present, it is still not known whether these
plan a great deal of site grading is required. Often build­ movements are continuing, and whether the building can be
ings are placed entirely on embankment fill, or what is even safely occupied.
more critical, part of a building is placed on natural ground All of the problems that are inherent in foundations for
and part on fill. low cost housing cannot be catalogued in one paper. Some of
Architects and design engineers are now beginning to appre­ the obvious problems are inherent in the general idea of econ­
ciate that embankment fill is an engineering material and pro­ omy and a limited budget. A low cost site often is an invita­
per control of the compaction procedure can result in a strong tion for a high-cost foundation. A lew cost foundation explo­
reasonably incompressible engineering material. ration is often an invitation to a high cost increase in lac-
However, the dead weight of this properly constructed em­ tor of safety. There is no substitute for an adequate soil
bankment fill can cause major problems to the natural soil be­ exploration; however intelligent planning can result in great­
low. Five feet of fill, weighing 130 pounds per cubic foot er efficiency.
will result in soil stresses greater than those imposed by most Test pits and other high labor input exploration methods
three-story buildings. These stresses are imposed over large are an excellent substitute in countries where labor is cheap
areas, thus the natural soil is significantly stressed to a and foreign exchange is lacking to buy expensive exploration
substantial depth. Bearing capacity failures of underlying equipment.
soils due to the weight of an embankment have been documented Deep embankments, even where compaction is well-engineered
by Peck (19 5**). Perhaps even more serious are the settlements and supervised, by their very weight alone, impose very high
caused by such stresses. If the soil is cohesive, such as a stresses on the natural subsoil beneath the embankment. Bear­
clay or organic silt material, the settlements will not occur ing capacity failures and excessive settlements from this cause
immediately, but rather over a period of months, years, or dec­
ades. The time is controlled by that required for water to 
migrate from the stressed soil. The settlements may not be sig­
should be foreseen and prevented.
nificant until after the construction of the building. Then REFERENCES
the building may be racked by the settlements that occur, which 
are never uniform.
Peck, R. B. (19514) "Failure Induced by Weight of Fill." 
Proc. Am. Railway Engr. Assoc., Vol. 55, pp. 6445-649.
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LOW COST HOUSING PROJECTS IN INDIA
A.  R.
INTRODUCTION
The need for low cost construction in India need not 
be over-emphasised, as it is well known, that every family 
should have at least a minimum dwelling place within its 
means. Moreover, it is necessary that public places like 
hospitals, offices and school buildings are constructed in 
an economical way in the larger interests of the country.
The industrial development of India has led to the use of 
mechanised methods (5, 19) for reducing the overall cost 
of construction. The various methods adopted for achieving 
sizeable cost reduction of structures in India can be grouped 
under the following major heads:
a. Advanced Planning and Programming
b. Execution and Management of Works
c. Research and Experimental Construction 
Advanced Planning and Programming
This adopted for executing urban housing projects ef­
ficiently and to ensure that works are completed (3) as per 
schedule. Moreover, the projects are phased (10) to limit 
the investment of man power, material, plant and equipment.
The continuity of works is as far as possible maintained to 
avoid wastage of labour and locked-up capital.
Residential accommodation is planned to create environ­
ments (16) for healthy growth of mind and body. Unwanted 
passages which result in higher cost are carefully avoided. 
Planning the residential accommodation to effect waving in 
land has resulted in considerable economy. Modular planning 
with central corridor has been introduced for accommodations 
in urban multistoried flats. Grouping of buildings has been 
resulted in better lay-outs and compact houses.
Due consideration was also given to the orientation (16) 
of the buildings. Proper orientation of the buildings taking 
into account prevailing wind directions and solar paths have 
eliminated sun-breakers, artificial ventilation, etc.
In India, considerabel attention is being given to 
space planning. This has led to gradual reduction in plinth 
areas for various categories of buildings, and in the reduc­
tion of room sizes. Due to this built-in furniture in place 
of loose furniture had to be adopted. Provision, to house 
essential articles in wall spaces, has resulted in consider­
able saving in space (23) and has afforded better living con­
ditions .
Modular planning and standarization of building com­
ponents are being increasingly adopted, as these have re­
sulted in considerable economy in time, material and money. 
Moreover, for repetitive types of buildings, all aspects of 
planning, design and construction are studied in detail
* Lecturer in Civil Engineering, College of Engineering, Guindy, 
Madras, India.
(2) Numerals in parentheses refer to corresponding items in 
Appendix - References.
By
Santhakumar*
(in some cases by putting up pronto type construction). To 
achieve overall economy in the use of materials and to get 
efficient architectural design, spans, heights and spacings 
of trusses or portals are standardized.
A saving of nearly 15% of the original estimate has 
been achieved (26) by standardizing the sizes of portals and 
adopting modular architectural planning for a Three-Unit 
Elementary School Building near Madras. This scheme was 
evolved by the Structures Department of the College of Engi­
neering, Guindy. A proto type of one unit of this precast 
building was first erected by the side of the Structural 
Engineering Laboratory to study the various aspects of its 
erection and performance during adverse weather conditions.
The details of this construction are given elsewhere in this 
paper.
Rational architectural planning, based on functional, 
cultural and aesthetic considerations, leads to sizable 
economy in building construction. A slum clearance scheme
(4) at Pondichery (S. India), designed by the Senior Town 
Planner, Government of Pondichery based on climatic conditions 
and cultural considerations of the user (mainly fishermen), 
resulted in a saving of 17.7% of the original estimate.
Urban development and building construction form a 
major part of the outlay of the Fourth Five Year Plan of 
India, and economy achieved in construction cost, however 
small, will result in savings of crores of Rupees.
Execution and Management of Works
The Network Techniques (2) (also called as PERT, CPM 
and RAMPS) have been recently introduced for building con­
struction projects. These techniques have not yet caught up 
with the projects executed by petty building contractors and 
are still in the embryo stage. A few projects have been taken 
up on experimental basis and it has been found that for con­
ditions prevailing in this country the Network Technique is 
very rewarding and is an invaluable management tool.
Two major instances of the successful use of these 
Network Techniques can be cited here. The Critical Path 
Method was adopted (11) for the construction of Vigyan Bhavan 
Annexe Building, (a project costing Rs.56 lakhs) for com­
pletion within 9 months. The Programme Evaluation Review 
Technique was adopted (25) for the construction -of the 100 
MW Thermal Station at Neyveli. The advantages of these Net­
work Techniques, as witnessed by the above case studies, are 
listed below.
The important benefit derived from these Network Tech­
niques was the logical planning on the part of both the de­
partment and the contractors executing the project. Those 
in charge of the job are posted with a clear idea of what 
they have to do and when they have to finish the work. In
a particular project, the work of laying cables, sewer lines 
1 M
Use of precast lintals instead of R.C.C. lintalsand water mains were coordinated with the construction of c. 
roads to ensure that one agency does not dig up the newly designed as per triangular load theory.
laid road and the road contractors do not hinder the work d. Cellular roof units (7,8) partially precast R.C.C.
of others. joists and deck concrete instead of conventional'R.C.C. roof.
It was possible to procure the materials in a systematic e. 4" soil cement in the sub-base instead of cement
way using these Network Techniques. But for PERT, the ma- concrete base.
terial procurement could not have been so well controlled as f. Pre-cast concrete frames for doors and windows with
to avoid wastage of labour and dead capital on materials, fixing arrangements.
plant and equipment. 3. Construction of a Large Span Building by Structural
Above all, the Network Technique makes both the depart- Engineering Research Center (27) } Madras.
mental officers and the field contractors to keep up to the The Structural Engineering Research Center has developed
time schedule. It clearly points out the areas where the a prestressed-precast hyperboloidal roofing unit suitable for
job could be effectively expedited. Leading organizations roofing large areas in the spans ranging from 30' to 70'. The
like Neyveli Lignite Corporation, Durgapur Fertilizer Pro- unit is a segment of a form made by the revolution of one
ject and Cochin Fertilizer Project are now using these tech- sheet and as a result, the surface can be made up entirely
niques. of st. lines. This property has been made use of in preten-
Research and Experimental Construction sioning it along its straight lines. The unit is cast on
The research institutes in the field of structural simple masonry mould. The thickness is 2" to 3" even for
engineering in the country (Central Building Research In- spans fo 65'.
stitute, Structural Engineering Research Centers, Engineer- An experimental building with such precast prestressed
ing Colleges and Indian Institute of Technologies) have done hyperboloidal shell roof has been constructed at Madras
useful works which are being felt in achieving economy in (7, 27, 28). Such roofs have been found to be very economical
construction costs. especially in the use of materials.
It is appropriate at this juncture to say that National The following are the details of a few important pro-
Building Organization has done very good work in dissemina- jects which have been completed by some individual agencies.
tion of building knowledge and bridges the gap between prac- 4. Pre-Fab, Thin Roof Structure (26) by the College of
tice and research. So far 16 experimental projects costing Engineering, Guindy.
more than Rs.80 lakhs have been sanctioned by the National The structure consisted of 54 elements of which 12
Building Organization. Apart from the work done by the N.B.O. elements required for the foundation were cast in-situ and
individual organizations and contractors have on their own the remaining 42 elements were pre-cast in the Structures
executed many projects affecting considerable economy. Laboratory. The six portals (21), (the main load bearing
The following are the details of a few important pro- members) were connected with each other by braces at two
jects which have been completed under the experimental levels. Window bars themselves were made to serve as
housing scheme (22) for urban areas sponsored by the National connectors for the precast elements. The roof consisted of
Building Organization (NBO). weld-mesh of two different sizes. Chicken wire-mesh of size
1/2" x 26G was spread over the weld mesh. This was for the
1. Construction of 8 numbers of Type III, Four Storied purpose of supporting the wet concrete. The concrete mix
Quarters at Madras used for the roof work was 1:1 1/2:3/0.4 using 3/8" coarse
During the construction of type III quarters at South aggregate.
Madras Neighbourhood by the Central Public Works Depart- Economy was effected in the form work and shuttering
ment it was observed that the site had low bearing capacity. for the various components by precasting technique (18).
It was decided to adopt hyperbolic paraboloidal footing for The cost of moulds was practically negligible as each mould
one of the blocks as an experimental measure. The work has was used 30 times before it wore out.
been completed successfully leading to about 10% saving in The formwork and shuttering were completely avoided for
the cost of foundation. the roof. Thickness of the roof was only 2 1/2”. The roof
2. Construction of 16 bed hostel by Central Building Re- was designed as a pure tension member with weld-mesh rein-
search Institute, Roorkee forcement, concrete serving the purpose of cover.
The following new techniques have been adopted in this The foundations were provided only for the portals.
building. The side walls were supported by beams connecting the portals.
a. Use of 400 gauge alkathene sheet over 1/2" thick 5. Low Cost, Flat Slab Construction by A. R. Santhakumar
smooth plaster for damp proof course. (26) et. al.
b. Use of brick on edge cavity walls instead of 9" The columns of the structure were taken 4’ below ground
brick walls. level. The ground floor slab was cast at a height of 4'
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above ground level. The roof slab was cast at a height of 
14' above ground level.
The entire structure being framed construction was not 
only cheap but also structurally efficient.
The space below the floor slab can be effectively 
utilized for storage, gardening and for children to play.
The structure is damp proof and is free from insect 
trouble. Further it is easily amenable for future expansion.
6• Low Cost, Integral House by S. Krishna Iyer (Engineering 
Contractor) (20)
Krishna Iyer has adopted few new techniques to reduce 
the cost of construction of small houses for low and middle 
income groups. The new techniques were (a) the change in 
foundation replacing the conventional massive concrete foun­
dation and brick footing by an R.C.C. raft (b) The reduction 
of wall thickness to 7" by using a new type of bond (c) 
Roofing with R.C.C. cavity slabs. With these and a few other 
techniques, it was found possible to effect reduction in cost 
of construction by about 30 to 40% as compared with conven­
tional buildings.
Subsequently cost was further reduced by replacing 7" 
thick brick wall by soil cement blocks of 5 1/2" thick. The 
roofing was also changed to funicular shells, while other 
things remained the same.
Recently a new method of constructing an integral type 
of R.C. house which not only results in reduction of cost 
but also contributes to the strength to the building, has 
been evolved. The details of this structure and the advan­
tages of using these techniques are available in the phamph- 
let published by Krishna Iyer. 7
7. Low Cost Shell House by Regional Engineering College, 
Surathkal (29).
A funicular barrel shell roof entirely in compression 
has been developed and adopted for low cost housing experi­
mental project taken up by the Regional Engineering College, 
Surathkal. The thickness of the shell roof is only 2". They
had adopted certain ICI compounds for improving the weathering 
properties of the roof. In the experimental project taken 
up they have shown a saving of nearly 50% over the conven­
tional buildings. The details of this structure are avail­
able in the thesis "Wire Mesh Reinforced Barrel Shells" pre­
sented by M.T. Venuraju of Regional Engineering College, 
Surathkal for the Masters Degree in Feb. 1970.
Apart from the above, the following experimental pro­
jects (22) are being executed by the various construction 
agencies under the experimental housing scheme of the National 
Building Organization.
SI.No. Experimental Project Techniques being adopte<
9 Construction of 2 Chowkidars' a. Precast RCC Chowkhats
10
11 .
12 .
13.
14.
sponsored by the Chief 
Engineer, P.W.D.(BgR) Bhopal 
Madhya Pradesh
Construction of 8 Nos Experi­
mental type II double storied 
quarters at N.H.VIII, R.K. 
Puram, New Delhi, sponsored 
by the Superintending Engineer 
Circle III, CPWD, New Delhi. 
Construction of 10 Nos. 
of Assistant Professors' 
Quarters at Patiala 
sponsored by the 
Principal, Thapar 
Institute of Engineering 
and Technology, Patiala 
(Punjab)
Construction of 32 staff 
quarters for Hindustan 
Housing Factory, New Delhi 
sponsored by the 
Managing Director, 
Hindustan Housing Factory, 
New Delhi.
Construction of 992 pre­
fabricated houses under 
Slum Clearance Scheme of 
Municipal Corporation of 
Delhi; sponsored by 
Delhi Municipal Corporation 
cum The Hindustan Housing 
Factory, New Delhi.
b. Doubly curved shell 
roofing with partially 
pre-fabricated RCC 
slabs .
c. Thin precast RCC 
lintel
Use of fly-ash to 
replace cement (9) 
to the extent of 
20% in cement 
mortar and 
concrete.
a. Doubly curved shell roof 
with partially pre­
fabricated R.C.C. slabs.
b. Cavity walls having
2 leaves of 3" thick 
burnt brick masonry in 
cement mortar with a 
gap in between.
c. Provision of 400 gauge 
polyethylene sheet over 
a layer of 1/2" thick 
cement mortar for damp 
proof course.
a. Pocket connections of 
precast columns with 
foundation (Russian methc
b. Replacement of 15% cement 
with flyash (9) for R.C.C 
components
c. Prestressed concrete bean
d. Roof with prestressed 
hollow core slab (30)
e. R.C.C. frames for doors 
and windows.
a. Partial prefabricated 
framed structure with 
precast RCC columns 
and beams.
b. Precast battens and 
hollow blocks with 2" 
thick cast-in-situ 
1:2:J4 cement concrete 
and nominal reinforce­
ment on top for roofs 
and floors .
c. Prestressed concrete 
frames for doors and 
windows.
dars'
quarters under the Capital 
Project Scheme of Bhopal,
in place of wooden 
chowkhats.
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Construction of 96 type III Four 6toried construction 
quarters in six four-storied with 9" load bearing wall: 
blocks with 9" load bearing using high compressive
15.
16.
17^
L8.
walls in New Delhi; 
sponsored by the Chief 
Engineer, C.P.W.D.,
New Delhi.
Construction of a 
building for educational 
and research facilities 
for students in Bengal 
Engineering College, 
Howrah; sponsored by 
The Principal, Bengal 
Engineering College, 
Howrah (West Bengal).
Construction of 2RA 
and 2RB type quarters 
at Keenjhar in Orissa, 
sponsored by the Chief 
Engineer (RSB), Govt, 
of Orissa, Bhuhaneshwar. 
Construction of 10 blocks a. 
of CH type double storied 
quarters in Gandhinagar 
Township, Gujarat, sponsored 
by the Chief Engineer, b,
Gujarat Capital Project, 
Ahmedabad-1.
Construction of 5 storied a. 
block of 50 residential 
units with single brick b.
construction of Maniktala 
work-cum-living center by 
Calcutta Metropolitan
strength bricks of 
4200 psi in ground floor 
and ordinary second class 
bricks in top three floors.
a. Precast RCC columns with 
brackets erected and fixed 
in recesses of RCC footing 
laid in situ.
b. Precast and prestressed 
beams resting on brackets 
of the columns.
c. First floor slab consisting 
of composite precast RCC 
battens and hollow cinder 
blocks.
d. Precast and prestres6ed 
folded plate roof.
e. Walls of special hollow 
cinder blocks.
f. Hollow beams supporting 
roof to function as rain 
water drain also
Under-reamed pile foundations 
(single under-reamed and 
multi under-reamed piles) 
in black cotton soil,
(6,17).
Cavity walls on external 
side having two vanes of 
9 cms each with a cavity 
of 5 cms in between.
Hollow precast RCC slab 
for roofs and floors.
Precast ribbed units 
for floors and roofs. 
5-storied construction 
with 10" thick load 
bearing walls.
Planning Organization, 
sponsored by the Commissioner, 
Development and Planning 
(T6CP), Department, Govt, of 
West Bengal, Calcutta-1.
19. Construction of 4-storied
block of 16 type III 
quarters at Dhanlaknan,
New Delhi, sponsored by 
the Engineer in Chief,
Army Head Quarters,
New Delhi.
a. 9" load bearing wall
b. D.P.C. with 400 gauge alkathei.e
c. Precast RCC channel units
d. RCC door and window frames
e. Replacement of cement by 
flyash (20%)
f. Blending of Badarpur sand 
with Jamna sand.
20. Construction of 8 experimental a. Use of under-reamed 
type II quarters in 4-storied piles (17).
block at Santagachi, Calcutta, b. Use of single brick 
sponsored by the Chief Engineer load bearing wall 
C .P .W .D . , Calcutta.
The Indian Standards Institution took up the work of 
preparing the National Building Code (24) as suggested by 
the Planning Commission to effect economy in construction 
costs. The work has now been completed. It has been 
reported (1) by the Director, National Building Code, that 
during the process of formulation of the Code a number of 
points have arisen which can themselves be taken as case 
studies in so far as they have direct bearing on construction 
costs. A few important cases are enumerated below:
The building Bye-laws in metropolitan cities of the 
country, reveal wide divergencies with regard to provision of 
open spaces around and outside the building. The bye-laws 
generally cover three cases of residential buildings (row 
housing, semi-detached and detached housing). Hence unifi­
cation of open space requirements in Building bye-laws of 
a number of municipal corporations leading to considerable 
saving in land usage has been incorporated in the National 
Building Code.
In Indian bye-laws, while dealing with floor area 
according to fire resistivity, importance has not been given 
to the type of construction or grading of structure. These 
aspects have been stressed in the National Building Code (24).
Mt
A critical examination of structural design concept in 
various bye-laws in the country and standards laid down by 
codes of practices (12,13,1**,IS) indicated wide variations 
particularly regarding minimum thickness of brick walls. This 
has been rationalized by the National Building Code by the 
inclusion of suitable Nomograms which give the minimum thick­
ness of walls of single and multi-storied buildings for given 
storey heights.
CONCLUSION
Every effort is being taken up to reduce the cost of 
construction in India (especially for the major housing 
schemes envisaged in the Fourth Five Year Plan) by the 
Government and non-Govemment organizations. The report 
presented above strives to explain the various methods and 
techniques adopted in the Low Cost Housing Projects in India.
The work of National Building Organization in promoting the 
Experimental Housing Schemes for effecting economy in 
building construction and the efforts taken by the Indian 
Standards Institution in bringing out the National Building 
Code to rationalize the methods adopted have been briefly 
explained.
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LOW INCOME SYSTEM KEY ASSEMBLY
By
Darin V. Llska *
The most effective means of urban renewal for people with low 
Income consists In the development of new communities In close 
proximity of large cities in relation with modem mass transpor­
tation preferably suspended. The ideal image of a new community 
is best realised by a progressive approach in solving sociological 
and economical problems without restriction of satisfactory urban 
performance. The new development should comprise a complex center 
with railroad terminus and around quiet housing section with large 
areas of green. Supposed 90,000 people would accomplish a comfor­
table life in a new development unit, about one hundred houses of 
convenient volume would be necessary for dwelling purpose alone.
For buildings with different assignment one structural system could 
be used to reduce the cost of construction as well as to speed 
the development.
A new structural system called "Low Income System Key Assembly” 
is proposed and protected by a patent pending application to suc- 
cesfully meet requirements for a huge housing program, matching 
a given schedule for time and economy. The proposed system disre­
gards traditional transversal bearing walls and ascribes the bearing 
function to periphery walls offering complete freedom for any 
layout of interior space. The over all dimensions of the building 
are in accordance with requirements of the building code for 
dwelling purposes as governing objective however the interior may 
be used for schools, offices, department stores, halls for enter­
tainment, or other facilities as well.
Referring to dwelling layout, the corridor system with apartments 
on both sides equally exposed to sunshine represents a good living 
standard and can be developed properly within 601-011 span. The 
optimal length comes out from two sidewing dwelling sections with 
a lobby between where elecators, stairs and other facilities are 
situated. Security measures limit one dwelling section to 120'-0'' 
and choosing the lobby 60'-0'' wide the building may extend up to 
300'-0'' all main dimensions thus being a multiple of established 
module l2'-0'' which is proper dimension for a habitable room.
The height of the building has certain practical and economical 
features. The sixteen story structure can be built with moderate 
dimensions of structual elements using only medium equipment for 
erection, but the system can be applied for buildings with twenty 
four stories, or higher. Evaluating the outlines space for a dwel­
ling house a typical floor has a clear usable area 14,600 sf and 
the entire sixteen story building offers 232,000 sf idiich can 
easily accomodate as many as 900 people. See Tab III for architec­
tural and structural layout.
The main features of the proposed structure is an asse^ly of 
periphery wall panels and integrated twin of floor panels post- 
tensioned after erection, and pfcw-bolt connection permitting 
large tolerance during erection and finally developing high fric­
tion shear resistance. The typical aasembly la applied in both 
sidewings whereas the lobby section is grouped by smans of stan­
dard elements and box shaft numbers for stairs and elevators.
Assembly panels are 12'-0" wide to match the a»dule.
The standard wall panel applicable in both frontal and trans­
versal walls extends over four floors and on ground level and 
underneath the roof is alternately followed by a two story high 
panel to acquire a staggering horizontal joint for erection without 
temporary bracing and for better rigidity of walls. The wall panel 
is developed es a chanel with continuous web columns and slab 
stiffened by transversal ribs for hlnch supported floor panesl.
The columns have constant section through sixteen stories being
♦Stone and Webster, Engr. Corporation, New York
uninterrupted by floor structure and axially loaded only. Supporting 
ribs of wall are (inflexible vertically and do not introduce any moment 
in columns. The bearing capacity of columns is controlled by rein- 
forcement being increased gradually downward. On the top and bottom 
of colusms and on the top of foundation wall there are rigid steel 
plates to trftich the reinforcement is welded. The plates have hole- 
pin connection in vertical axis for accurate placing of panels.
After lining up and after applying dry pipe-bolt connection in 
vertical joints, the plates are welded on inside periphery and 
high strenth mortar is pushed into the joint by means injection 
pipe. The bearing capacity of filled joint corresponds to that 
of columns. The wall panel has openings for windows and doors.
Detail of the all panel is on Tab. I.
The floor panel is an integrated twin of two unequal panels, one 
being developed as two modules in length, the other as three 
modules channel with the middle joint provided by pipe-bolt 
connection and posttensioned by lateral deflection of exposed 
tendons or stressteel bars. The shorter panel may be extended 
by cantilevered balcony slab. The cross section of the floor panel 
has a shape of two I-beams with top slab in between, and trans­
versal ribs matching module patern. The webs are offset from the 
joint, helping to develop overhanging flanges at both top and 
bottom. Bottom flanges permit the introduction of final prestre­
ssing force at time of erection when only dead load of twin is 
available. Both panels of the twin are separately and fully 
prestressed by unbonded tendons in the range of first module.
The panels of the twin are placed one by one on ribs of the wall 
panel and temporary supported underneath the middle joint. The 
optional balcony extension of shorter panel is pushed through 
the opening in the wall during erection. Webs of integrated 
twins are connected to ribs of the wall panel by pipe-bolt 
connection. Subsequently tendons or stressteel bars are attached 
along the webs following the bottoms of transversal ribs, and 
coupled to already prestressed bars on the face of first inter- 
medlate rib. Couplers on the opposite side work differently; 
one being able to turn on, the other with divergeant thread 
Introduces a alight tension into the prestressing steel. The bars 
are then laterally contracted in the center span by means of a 
dlversally threaded rod and powered impact to the extend when 
washers on anchorplates close to couplers become revealed.
In that moment the full prestressing force is Introduced into 
the section. The lateral force applied is about 151 of its 
tsorklng force. With respect to this fact and keeping the concrete 
section under slightly trapezoidal compression there is the 
easy possibility to adjust any time later the prestressing 
force and thereby to control and deflection without touching 
the lodging area, because the turning point of tendons is situated 
in the center of the corridor, and the coating of the celling 
can be easily removed. Regarding fireproofing of the ceiling, 
additionally, special coating may be applied by means of, suspended 
fire clay stones. -
The integrated twin is sensitive for deflection, and some 
precaution has to be taken to ensure proper behavior of floor 
structure. Unequal length of floor panels offers staggering middle 
joint for stiffening of borken webs, thus employing adjacent twins 
to counter local excessive deflection. Transversal ribs are welded 
in joint on the top and bottom and work as a subordinate bearing 
system with support on columns of transversal walls. The columns 
of transversal walls have an angle seat underneath the rib of the 
twin providing welded shear connection without Introducing any 
mement into the columns or ribs, and thereby totally eliminate 
any deflection of the web along the transversal wall.
Pipe-bolt connection used in the asseafcly is a new connection
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permitting greater tolerance for erection during llnglng up of 
elements and develops strong friction shear resistance In the 
joint. The connecting bolt Is pushed through the pipe of larger 
diameter embeded in concrete and probeded with an outward bent 
injection tube. The pipe is closed on outside end by a washer 
and the area of the joint is sealed by elastic rope on periphery. 
Adjacent surfaces of joint are grooved. High strength cement 
mortar or epoxy resin Injected into pipe penetrates into the joint, 
rigid. See Tab II for detail of floor panel.
The stability of the structure is established by rigidity of 
walls, floors and shear resisting joints. The over all stability Is 
critical in transversal walls when the structure Is subjected 
to wind and earthquake forces. The overturning moment develops 
shear in vertical joints which are already taken care of and 
tension or compression on the edges of transversal walls.
The columns provide ample capacity for compression, but horizontal 
joints are not strong enough to resist the tension. Therefore, Inter­
section columns are pottensloned; gradually along as erection 
is progressing, thus reducing excessive shear being introduced 
into frontal walls.
The foundation of the structure consists of continuous founda­
tion walls sitting on cantilevered foundation slabs provided for 
frontal and transversal walls. The depth of the walls is a function 
of modulus of foundation, rigidity of the foundation wall and of 
simultaneously increased weight and stiffness of assemblied wall.
For the erection of sixteen story structure at least two cranes 
operating from outside are necessary to assemble the elements.
Both sidewings can be erected simultaneously by using four cranes.
The lobby section is grouped as a last one. The cranes used must 
be able to lift the hook 180'-0'' above the ground and operate 20 T 
on cantilever lO'-O1'. The erection begins with all two 
story high columns posttensioned to foundation wall. The foregoing
are the only elements to be temporaryly braced. Staggered wall 
panels are erected proceeding from fixed columns and after the 
periphery is closed twins of floor panels are placed in the entire 
area of sidewings using single telescoping temporary supports 
underneath webs in the middle joint. The floor is then postten­
sioned. After the second floor is erected in the same way one 
cyclus of assembly is 'completed. The further procedure becomes 
obvious.
Metal windows in concrete frames are placed with no great 
amount of delay. No special attention is necessary at this point. 
One particular advantage should be pointed out concerning the 
coating of the ceiling. The floor panel is so proportioned as to 
provide accurate space for standard plasterboards in between 
flanges of the twin. For partition only light double plaster boards 
are used, with the provision on ceiling allowing for possible 
differencial deflection of adjacent floors. See Tab. IV for 
preliminary estimate of concrete and time for erection.
The analysis showns one building requiring 400 hours for 
erection when two cranes are used. Setting up the construction 
schedule for a coemunity of 100 houses approximately three years, 
at least 30 houses should be erected in one year. With 50 
effective weeks in a year based on 40 working hours a week, one 
assembly group would be able to accomplish 50x40/400*5 houses 
a year, namely six groups operating simultaneously apart could 
meet the production requirements. This volume represents 
30x8400/50x5*1000 cy of concrete to be poured a day or 
1000x27x0.15/2*2000 T of precast elements to be delivered a day 
to the construction site.
It is obvious the economy aspects almost dictate the esta­
blishment of a factory for the mass production of the precast 
structural elements in the center of such a project thereby 
serving various areas of construction.
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T A D  17
L I S T  OF E L E M E N TS  FOR IS S TO R Y S TR U C T U R E
1 2 3 4 5 6 *
1 WALL PA N EL  4  FLO O RS 2.46 184 13.6 1680 20 84
2 WALL PA N EL 2 FLO O R S 6 8 32 7 .0 232 20 24
3 FLO O R P A N E L  SH O D 40 0 230 V7.3 342o 20 133
4 FLO O R  P A N EL  2  HOD 320 iss 12.0 1890 20 107
5 FLO O R PA N EL 2 l2 HOD 32 89 5.6 2a o IS 6
G SHAFT ELEV. BO* PANE. 4  8 200 15.0 3 5 6 20 16
7 S T A IR S  B o x  P A N E L S 2 290 18.7 29 6 20 H
6 ROOF B O X  P A N EL 5 24S ie.3> 4G 20 2
BA LC O N V  \NTEqR.WlTH4 s o o 12 o.e 133 — —
10 COLUM N! 2 F L O O R S 16 32 2.4 19 10 3
II C O L U M N  4  F LO O R S 24 64 4 .5 57 10 4
12 r o o f  c o l u m n 8 6 o.s 2-0 10 2
13 RO O F W A LL S  MOD. 12 GS 4.5 29 15 3
14 r o o f  \ajall Q h o d 12 44 3 3 2o \5 3
T O T A L \57l 8  4oO✓ 4 00
1. AMOUNT OF ELET1 E N T S
2. C.F. PER ONE ELtM.
T O N  P E R  O N E  E L E H
4 .  4 S .  e . v .
5. TIME OP ERECTION PER 
OnC ELEHENT in MINUTES
6.3 .  ERECTION TIME IN HOURS
L I S T  C ?  E 12M 3M 7U
AUG, 1970 O. V. LI S K A
SQUARE FOOT INDEX OF CONCRETE
0 .7 4  C.F PER S<5.FOOT-FLOOR
CU&IC FOOT INDEX o f  c o n c r e te  
0 .0 7 4  C.F. PER ONE C.F.
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"A R A C H N P'
(a construction smthod for Industrialised housing)
By
J.P.D. KERGUENO*
The described method deals with "plug-in* nodules stacked in a really an entity for the reason that it stays in such a close
structural frame. The author is aware of the fact that neither relationship with floors and walls that it is generally completely
nodules nor their stacked relationship would in theanelves raise hidden when the building reaches completion. On the other hand the
nore than a linited interest as these concepts have already been rate of occupation of the building ground is so high that It does
widely used. There is however little doubt that among the few rarely respect this ground. Generally stated, most of the conventional
hundred thousands housing units that are going to be factory built frames are designed according to cartesian coordinates and would
in the years to come, an increased number will have to be specifically prove therefore inadequate for nesting anything else than cartesian
adapted to the "plug-in" concept. It is not the purpose of the present coordinated modules.
paper to blindly defend this concept versus other ones but to One can consider that this is due to the fact that the existing solutions
consider the tendency as a fact that has to be coped with by the are closely associated with the concept of confined volumes and areas,
structural engineer. which concept is essentially related with stone or stone-like building
A brief survey of the state of the art in the relevant field might methods. The proposed system tries to get rid of this inheritance and
prove useful to situate the present method : different types of to outline a new approach that might prove to be adapted to the
modules, mainly plastic sheila, have been designed for housing purposes set-forth.
purposes for exampleby, to quote only some of them: The first point will tend to outline the general aspect of the proposed
-* CHANEAC (France) structure as regards its environmental context. It is indeed considered
- RAU SERKANN - CAMOLETTI - HOECHEL (Switseland) that the problem of low-cost housing cannot be tackled if it is
- KANEVAL (France). approached independently from this context. This resolves to consider
All these modules have in coamos: the question of low-cost housing as essentially related to the
- a shell shaped appearance previously quoted rate of occupation of the building ground, this being
- suitable characteristics for easy transportation believed to be the main parameter of the problem. This rate has to be
- the possibility of connecting and/or stacking the housing high for economical reasons, and must for psychologically evident but
units at will. too often ignored reasons be such that it does not set an intolerable
Kaneval's module is the only one to the author's knowing to have strain on people. Moreover it would be a good point if the same building
been factory built on a relatively large scale, and the prospects system would allow for unlimited control of this parameter, from the
appear to be impressive (one module a day five years after the private house to a reasonably high housing density.
first draft). The proposed structural supporting frame consists of vertical column
The general tendency is to provide adequate means to allow for a members placed exclusively at the angles of a net of equilateral
stacking of these modules; however in the three references quoted, triangles and hexagons and connected by horizontal members. The
the structural problems of the frame appears to be elusively triangular areas are designed for nesting modules or housing units
considered: the vision is correct but incomplete. of the previously quoted type. The hexagonal areas provide for a
It is the purpose and essential object of the present paper to "foamed"appearance of the overall relationship of said modules and
propose such a structural frame that should correspond to the will be generally devoted to common facilities.
following criteria: This net permits a relatively high rate of occupation of the ground.
- the frame must be considered as an entity adapted to divide a The frame has an immaterial thickness and the sight from modules is
given space, designed to support variable load conditions and diversified and never limited by any sort of wall. There is a great
provided with all the necessary "inputs" and "outputs" for the versatility of the general urban planning as this one can be
to-be-nested modules. selected from any pattern of the net, according to the ground
- the frame must keep its structural strengh independantly from the conditions, circulation included. It allows especially for a transition
fact that modules are./o.- are not nested within it. from high density to low density housing without any discontinuity.
- the frame must be simple, cheap and durable. The few examples pictured will speak for themselves as regards this
- the frame must ;-. ovide a high rate of occupation of the building feature. The horizontal members provide for the geometrical assembling
ground and preserve it at the sane time. of the colons and their bracing as regards lateral forces. Their
The reasons of quoting these criteria have enough evidency not to design could be considered as an essential feature of the structural
be emphasized. supporting frame.
considers the existing frames, it appears that they might not Vertical utility members which may be staircases, lifts or technichal
prove entirely satisfactory for the purposes. cores are disposed at suitable places, these being considered as the
A structural frame, for example in a high-rise building, is not 
*Ing. ECAh, The Hague-2020, Netherland
■inputs" and "outputs" of the modules; they are provided with
168
standardized devices for rapid and easy connection to the nodules.
The net of triangles and hexagons has been chosen for its somewhat 
attractive versatility. But conventional neans of horizontally 
connecting the colunns together would prove inadequate either for 
the expenses involved (trussed girders ar- the like), or because the 
positioning of the nodules inside the frane between colunns night be 
inpeded (diagonal braces).
Considering that the nodules can be readily designed as self-supporting 
as regards their dead and live loads and nay therefore bear directily 
on the columns, the horizontal nenbers could be eventually designed as 
non load bearing as regards vertical efforts.
Considering further that the most efficient and unexpensive columns 
are double flanged steel profiles, and that the best way of locating 
these profiles on the net is to have these flanges parallel to the 
height of the triangles, one might be naturally led to draw circles 
tangent to the flanges of the columns. These circles sdght be 
materialized by elastically bowed sheet netal members fastened to 
the flanges of the columns. A net of curved triangles is thus 
superimposed to the previous net, tending to create what one could 
call a spider like pattern ("arachne"). Evidently enough, the systen 
does not work, as there are no forces to compensate the thrust that 
will be exerted on the columns by the elastically bowed metal sheets. 
This point will be deal with later on. Assuming that the structure is 
in a state of equilibrium, the netal sheets may be made of a sufficient 
height to provide for a lateral bracing of the colunns. It will also 
be noted that a bowed sheet behaves in a much better fashion as regards 
plate buckling and moment resisting capacity.
As regards the equilibrium of the structure, it will be sufficient to 
connect the netal sheets midway their length between colunns by some 
kind of bracing like rings or rods.
It remains that the whole structure is still subject to consistent 
deformations since the netal sheet members have no restraint regarding 
horizontal displacements. It is necessary to prevent these defonsations. 
The proposed neans consist of pouring a suitable setting material 
inside the curved triangles, with the aid of adequate shutterings.
This material should find sene kind of gripping connection with the
sides of sheets, and be likely to assume essentially compressive 
forces. Expandable foam or lightweight concrete are assumed to be 
adequate for this purposes. The detailed design of the horizontal 
members,the state of stress in the setting material, and the overall 
behavior of the structure certainly need both theoretical and 
experimental investigation in order to propose reliable design 
criteria.
The advantages of the system would be numerous. There is no need of 
elaborated machining of the steel members, which are conventional 
mill products. The horizontal members can be disposed liberally along 
the height of the columns, there being no need of creating horizontal 
surfaces as it is the case with conventional floorings.The structure 
can be erected with a temporary filling of the curved triangles with 
expandable foam which can be sequentially burnt out and replaced by 
the more reliable lightweight concrete. The nodules being completely 
independant from the frame will only have to fulfil certain conditions 
regarding dimensioning and bearing devices. The steel frame being 
entirely exterior to the housing units needs little consideration 
regarding fire protection. It extends in such a way that its resistance 
to seismic efforts should be high since all parts of the structure will 
cooperate to prevent a complete collapse of the sure severely concerned 
members. The liberal relationship between modules is a most favorable 
feature regarding wind effects; the enormous thrust laid upon 
conventional highrise buildings is consistently reduced; the 
corresponding increase in height is considered to be relatively 
inexpensive.
One should however consider that although these features are of 
importance, they would not in themselves bring a satisfactory 
answer to any housing program, since every day’s life gives 
little concern to fire, earthquake, wind bracing or other engineering 
hobbies. Of immediate Importance must be the visual appeal of one's 
home, its personality, its accordance with the environmental context, 
the subtle sequence of restrained and unrestrained vistas. These 
should be essentially aimed at, there where borders on the 
enginmer's contribution.
Villedieu, Sept. 9, 1970
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MODULAR HOUSING SYSTEMS AROUND THE
WORLD AND IN THE U.S.A. 
By
Nitin N.
1. Introduction:
Home is one of the essential requirements of the life.
Mankind has struggled to get an appropriate shelter as resi­
dence since the beginning of the civilization. Housing 
technology did not change for quite a long time and we could 
not keep up with the increasing population. We built homes 
conventionally board by board and brick by brick on site. 
Pre-fabricated components entered the world of building con­
struction, but we still could not fulfill the housing demand.
With factory-built modular homes, the housing technology is 
not only changing, it is accelerating with dozens of in­
dustrialized system developments moving from the drawing 
board to reality. Factory-built homes today are put to­
gether on an assembly line.
Now, let us look at what other countries, excluding the 
U.S.A., have done in this respect.
2. Modular Systems Around The World :
A. In France, Mr. Colgnet developed the method of building 
low-cost apartments using factory-made concrete panels and it 
has been spread throughout Europe.
B. Abstracts A/S system of Herlev, Denmark makes clip- 
together buildings. This system consists of steel tubes with 
Internal diameters Just under one and two Inches which are 
joined .by steel fastening pieces with from three to six limbs. 
These lirnts form a tight pressure fit with the steel tubes as 
the limbs are bell shaped. All that is required for assembly 
is a plastic hammer.
C. The well-known West German architect, Prof. Dr. Ing 
Helmut Weber, of Hannover Technlsche Hochschyle, Hannover,
'West Germany, has developed an interesting prefabrication 
system for single story single family homes. He employs for 
his Okal system, standard wall panels 6 5/8" which are of a 
sandwich construction. The exterior is a 1 1/4" thick channeled 
chipboard panel oovered on both sides by synthetic resin. About 
fifty basic designs are developed and the house can be erected 
in eight hours with only five men. The factory has a capacity 
of producing about one thousand homes per year.
D. The Ringcell, a German modular system, was developed
by architects Herbert Ohl and Bernd Meurer at Ulm, West Oeraany.
Modular ringcell is made from reinforced concrete. This 
is cast and molded in vertical shuttering on the principal of 
an extruded tube, enabling production to be simply carried out 
with a minimum of plant requirement. Each basic ringcell is 
rectangular in section and capable of being lirted by a crane 
in one piece directly on to a truck. It la 23 1/2" wide with 
external dimensions of 8 ’ 9 1/4" by 9‘. Tfce floor and ceilings
•Production and Safety Engineer, Dukor Modular Systems, Inc., 
Gilroy, California
Shah*
are 11 1/2" thick while the walls jure 5 1/4" thick. Both floors 
And walls have H cross sections with concrete thickness ranging 
from 1 1/2" to 2’ . the units are connected to each other with 
a ®«PieB of threaded steel rods, which pass through holes of 
adjoining units.
E. The Lunavllla system is built by Byggnads AB Harry 
Karlsson of Lund, Sweden. Timber framing construstion system 
employs impregnated lumber studs. Walls, ceilings and floors 
are heavily insulated with mineral wool. A two-section modular 
home has 1,430 square feet of floor area.
F. The Atrium House, designed by architect Bengt Warne, 
consists of a steel framework combined with a variety of panels.
This house consists of approximately four forty by thirteen 
foot boxes laid side to end around an interior courtyard or 
atrium, making 2,700 square feet of floor area. Each box weighs 
sixteen tons. The atrium house assembly is made of prefabricated 
steel frame. In the center is a fixed roof which has a thirty 
degree slope and employs galvanized steel and 3/4" tongue and 
groove boards. To make the maximum use of sunshine, this atrium 
house has skylight sections on the roof.
0. The Jespersen System is capable of producing single 
or multistory structures with precast concrete panels. Exterior 
walls, except for end walls, are non-load bearing and may be 
made of any imaginable material. This system became very 
popular and there are eight successful plants in four countries, 
which are: Denmark, Israel, United Kingdom and Sweden. The 
system is also meeting acceptance in the United States.
There are many other systems worth mentioning. However, 
limited scope of this article prohibits mentioning all of them.
3. "HUD" And "Operation Breakthrough":
"HUD" is Housing and Urban Development Department engaged 
in a National Housing Program. The Housing Act of 1968 defined 
the national mission. We must make homes available for the 
families of all income levels - attractive, reasonably priced 
homes that promote a pride of occupancy. As a part of HUD's 
commitment to this mission, "Operation Breakthrough" is a 
new housing approach designed to use modern management, marketing 
and production techniques, and to establish an Improved system 
for providing housing to those who need it. The primary objective 
is to stimulate volume production of housing that can be de­
livered to a volume market. Breakthrough is the kind of major 
effort that can put national skills and ingenuity directly to 
work on developing the process that will help us realize our 
housing goals. We have a tremendous need for housing. The 
Omnibus National Housing Act of 1968 specified that in the next 
ten years we must build or rehabilitate twenty-six million 
housing units, including six million for families of low and 
moderate Income.
HUD's role In Operation Breakthrough Is essentially three­
fold:
1. Helping to locate construction sites and to form 
housing markets large and continuous enough to encourage volume 
housing productions.
2. Funding and providing other Incentives to private
Industry to develop complete housing systems that can be produced 
In volume, and
2. Granting benefits to consumer groups and to state and 
local authorities that assist the Breakthrough effort.
HUD's two-part program to meet the above-stated goal Is 
now well advanced with the selection of twenty-two consortium 
proposals as "winners'' among 236 proposals that are ready for 
prototype testing and construction. The housing systems of 
these type winners will be financed and constructed on
eleven sites throughout the country. Out of twenty-two winners, 
only two winners did not list any other organizations as con­
sortium partners. They were: Stirling Homex Corporation and 
Hone Building Corporation.
Gut of the twenty-two systems picked, nine systems use 
wood framing, eight use precast concrete, two use wood and 
steel, one uses steel framing, one uses fiber reinforced resin 
and filler structural panels and one uses foamed plastic core
structural panels.
. Dukor's Modular Housing Concept :
Dukor is modular housing, a revolutionary concept in 
home building. Dukor Modular Systems, Inc. has a factory In 
Gilroy, California which occupies a twenty-six acre site and 
plans a production schedule of two thousand living units a 
year.
Ur. George K. Blssell, the president of the firm, once 
said: "\.e felt there was a great need for Housing that was
roomy and livable, that could be located outside congested 
areas and available at a price people could afford. V.'e have 
the answer."
Usually, modular homes are built so that walls support 
the structure. Dukor's factory-buiIt modular concept consists 
or a light gage, structural steel frame which permits the 
omission of Intervening walls, so the rooms can be as wide 
as desired, or the walls can be relocated without affecting 
the structure. This feature Is extremely Important in factory- 
built homes which are limited to twelve feet in width for 
transportation on the highways. This system was developed 
by Mr. Dimitry Vergun, architect and structural engineer. At 
present Mr. Vergun Is the executive vice president of Dukor 
Modular Systems, Inc.
Dukor's system is very flexible and also easy to add on 
to existing structures. The modular units can be placed side 
by side, end to end or stacked three stories high.
!ftiese steel frames were tested for FHA approval and it 
3howed that it could withstand hurricane winds and the most 
severe earthquakes.
C I Q  U 12 EL 4  - i
As shown in Figure 4-1, a plastic balloon was placed 
between two test models and Inflated to simulate actual maximum 
lateral forces, as may be encountered by the structure during 
Its life. A total of forty-eight pounds per square foot pressure 
was exerted against the walls, equivalent to 136 miles an hour 
winds or twelve tons of pressure with no adverse effects.
The results mean that if a Dukor home had been subjected 
to the 1906 San Francisco earthquake, which had a reading of
8.3 on the Richter scale, it would not have been damaged 
structurally.
First of all, the structural steel frame Is welded. This 
frame has a typical moment resistant Joint at each corner, 
giving the structure ample "ductility", an essential property 
of an earthquake resistant design. This advantage can rarely 
be attained by a precast concrete panel system due to non 
ductile behavior of concrete. Then the frame passes through 
various stations in the sequence as painting, subflooring, 
carpeting and linoleum, plumbing, electrical wiring, interior 
and exterior walls, doors, windows, cabinets, appliances, 
trim and roof, (see Fig. 5-l) Before a module rolls out of 
the assembly line, it is approximately 85^  complete. The 
modules are hauled to the site by trucks where a crane places 
them on a foundation. The modules are connected to the foundation 
by means of welding. Water, power and other utilities are 
then connected. The very next day a family can move in. There 
is one more advantage. When two modules are placed side by 
side, the "C" shape side channel of each module forms a box 
shaped beam which also serves the purpose of an air-duct.
This home is thirty percent less expensive than a con­
ventional housing of the same size.
Figure 4-2 shows bedroom/bath module and Figure 4-3 shows 
system adaptability.
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Production Techniques:
Figure 5-1 shows a typical manufacturing plant layout 
and assembly line. This plant design Is Ideal and several 
modifications In the assembly line were made to use existing 
facilities of Dukor.
To develop a good manufacturing facility, it requires 
all V:lnds of skills. Scheduled materials procurement, efficient 
pre-fab and sub-assembly areas and efficient plant layout 
with smooth material flow are the most Important concepts 
in the factory production.
For modules to travel on the assembly line requires conveyors, 
wheels or casters. Most of the mahufacturers move modules on 
the assembly line manually. Dukor's plant, which is three 
stories high, is equipped with twenty-three overhead cranes.
"ore stations in the assembly line reduces the time that the 
module spends at each work station. 7T»e required pre-finlshed 
and pre-assembled components and tools are stored near the 
station to out down movement of the personnel. These components 
are incorporated into the modules when they pass through the 
station.
Assembly-line techniques also make more efficient use of 
a limited manpower. According to the estimate, 65# of the work
force needed for factory production could be made up of quickly 
trained unskilled labor. Factory production substantially 
eliminates construction delays caused by adverse weather, van­
dalism and theft of materials at building sites.
In addition to reducing labor costs per unit, large- 
scale production lowers financing costs, builders receive 
rentals earlier and their high cost construction loans are 
made for shorter periods. These savings, in turn, ultimately 
reduce housing prices.
Advances in Industrialized housing may be slow until units 
can be produced and sold in large numbers. Factory-built 
housing is a major beginning of a trend that will gain momentum 
in years to come. In fact, the housing crisis itself may 
hasten the development of mas3 produced housing.
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CONCRETE SANDWICH PANELS FOR LOW COST HOUSING CONSTRUCTION
By
Robert W. E l l i s ,  J r .*  
and
Steven D. Cunmings**
Among the most c r it ic a l social and economic problems facing our society 
today is the almost overwhelming need fo r adequate urban housing and sa t is ­
factory low cost housing for disadvantaged groups. On examining this prob­
lem, we often see the fru its  o f our current technology overlooked in favor 
of time honored and trad ition a l concepts. In many cases, we see aesthetic 
and human factors and long term m aintainability sacrificed  fo r  low in it ia l  
cost and expeditious construction. I f  our solutions are not to become prob­
lems themselves, i t  would appear that new concepts and systems must be ex­
p lo ited  to a much greater extent than we now see.
One building system which may provide a very attractive alternative to 
traditional concepts is  the concrete sandwich panel. The u t iliza t io n  of 
such panels in the United States is currently re la tive ly  uncommon and is  
usually seen in conjunction with curtain wall construction methods. In 
Europe, concrete sandwich panels enjoy wider acceptance and are frequently 
seen serving as structural elements. It  is in the application o f panels as 
load bearing elements that they become feas ib le  for application in low cost 
housing construction.
In the development o f a modular housing system SeaStone Corporation 
selected panels consisting o f  one inch inner and outer reinforced concrete 
sh e lls  with a 3-1/4 inch foamed polystyrene central core. Depending on 
the r ig id ity  requirements fo r a particu lar panel, reinforcement is ac­
complished by three to seven layers o f  3.4 diamond lathe stee l mesh in  
each shell. In addition, four inch reinforced concrete shear connectors are 
included two to three feet on center to insure panel action. The concrete 
mix consists of Portland cement and fine s i l ic a  sand with no additional 
aggregate.
The panels are manufactured in molds which consist of adjustable steel 
dams 5-1/4 inches high clamped to a steel f la t .  The f la t  may be textured to 
provide the desired surface on what w ill become the outside o f  the panel. 
Various architectural e ffects such as brick or stucco may be imparted. The 
production process begins with the pouring o f a one inch (or greater for a 
particu lar surface treatment) layer o f concrete into the mold. This is 
followed by the necessary layers o f reinforcing mesh and f in a lly  by core in ­
serts and shear connectors which are pressed into the wet concrete layer.
The upper layer o f reinforcing mesh is  la id  in place followed by a second 
charge of concrete about one inch deep. Throughout the process, mechanical 
shakers are u tilized  to insure complete f i l l i n g  of a l l  voids in the panel.
After the second charge o f concrete, the top surface, which w ill be the 
inside surface, is  smoothed and textured to a sand fin ish  or other desired 
surface.
Each mold is  fitted  with wooden frames which are cast in the panels fo r  
doors or windows that may be necessary. In wall panels, e le c tr ic a l conduit 
and junction boxes are held in position by the mold and are cast in place.
Completed panels are used for load bearing w a lls , f lo o r  and roof 
systems in modular housing units. Connections between panels are made using 
integra l pins and structural adhesive grouting.
The panels described o ffe r  several d istinct advantages which should be 
considered fo r the current housing c r is is .  F irst o f a l l ,  in the 
manufacturing operation outlined above, extensive use of unskilled or semi­
sk illed  labor can be made providing an extra incentive for s e l f  help pro­
jec ts  and providing an economic as well as physical boost to underdeveloped 
or disadvantaged areas. In more highly industria l areas, the operations may 
be extensively automated leading to mass production and the attendant eco­
nomic advantages. The panel production process leads to an almost fin ished  
product with the assembly insta llation  o f doors, windows, plumbing and w ir­
ing remaining.
Because o f the heterogeneous nature o f the concrete panels and the u t i ­
lization  o f thick foam inserts, they o ffe r  excellent sound absorption, v ib ra ­
tion iso lation  and thermal insulation. Each o f these characteristics is o f  
great importance in the design and construction o f housing units that are 
satisfactory  from the standpoint o f human needs. When concrete sandwich 
panels are applied fo r inside and outside w alls, roof and flo o r  systems, 
sign ifican t improvement in the quality o f  l i f e  should resu lt.
The long term s ta b il ity  of concrete o ffe rs the advantage of excellent 
m aintainability. Housing units constructed from concrete sandwich panels are 
essen tia lly  firep roo f and are unaffected by decay, corrosion or termites. 
Because o f their re la tiv e  light weight (approximately 20 pounds per square 
foot) panels or assembled modular housing units can be eas ily  picked up and 
transported.
Perhaps the most sign ifican t advantage o f concrete sandwich panel con­
struction is  the f le x ib i l i t y  of design which i t  o ffe rs . Molds and surfaces 
can be modified quickly and inexpensively to provide an almost endless 
variety o f architectural e ffects. It is  particu larly  important that this 
f le x ib i l i t y  be availab le  to designers i f  massive housing programs are not 
to leave us with a legacy of ste rile  ghettos to deteriorate the lives of 
a future generation.
The authors' present systems are limited to single and two story ap­
p lications prim arily fo r small housing and commercial units. Current 
analysis, however, indicates that m ulti-story units may be feas ib le  using 
sandwich panels as the primary structural systems.
Detailed cost analysis have been made to determine the economic 
fe a s ib i l i ty  of using concrete sandwich panels in the mass production of 
modular housing units. Current estimates indicate that with a minimum 
capita l investment o f $350,000, panels could be produced in the Southeast 
fo r  approximately $.75 per square foot at a production rate o f 10,500 square 
feet per eight hours sh ift . This production would be su ffic ient to manu­
facture 2,300 housing units per year.
Because o f the fam ilia rity  o f the building community with reinforced  
concrete and the stra ight forward analysis and design concepts employed 
fo r  panels, l i t t l e  d if f ic u lty  has been encountered or is expected in win­
ning wide acceptance o f panels and in satisfy ing  local building codes or 
other regulations.
*Assoc. P ro f, of Engr., Univeraity o f South F lorida, Tampa, Florida
★ ♦President, SeaStone Corporation, Tampa, Florida
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In simmary, i t  would appear that concrete sandwich panels o f fe r  ex­
cellent characteristics which should make them attractive fo r application
in low cost housing construction. They combine low cost with structural 
utility, environmental and aesthetic advantages which are an absolute 
necessity in the solution to the housing crisis.
APPENDIX
For purposes of structural design, the nost significant characteristic 
of concrete sandwich panels is flexural rigidity. The failure criteria ap­
plied has been the appearance of the first crack of the concrete shell in 
tension due to flexure. The cracking stress for the mixtures used has been 
approximately 300 psi which correlates well with experiments performed by 
Pfeifer and Hanson (1).
It has been found that an elementary composite beam model predicts 
the cracking load quite well for design of symmetric panels. Consider a 
panel of depth dQ as shown below:
T
The flexure fomtula indicates the 
stress at a distance y from the 
center line. The moment at a sec­
tion is given by
aydA = ^ E cy dA +^ E sy dA
i r o n  r\4r '  A r»
(i)
Area of 
Concrete
Area of 
Reinforcement
Where: a = E^_
o
o is the curvature at a given section 
Ec and Es are elastic moduli of concrete and steel 
We will define the panel rigidity as (El) _____ such thatsection
(El)
M section (II)
Thus, after integration of I, we find that
(ED,
W [Ec(d^ - d| ) ♦ 2Nasd2(Es - Ec)]
n  a'section 12
Where: N is number of layers of reinforcement mesh per shell 
d is average depth from center of panel to mesh
as is area of steel per unit width for one layer of mesh 
W is the panel width
Failure of floor or roof panels in flexure would be predicted when
M T(cracking) 2 section
Panels are designed to withstand the AC1(2) load test of structures (.3 dead 
load plus 1.7 design live load applied) with a minimal safety factor of two.
With regard to load bearing walls, panel stability is the critical 
factor and consequently panel rigidity is again significant. Current de­
signs are based on assumptions of simple supports on top and bottom edges 
of walls with free verticle edges.
A typical rectangular roof panel reinforced with three layers of mesh 
in each shell and spanning a 14 foot by 12 foot area will carry approxi­
mately 120 pounds per square foot. This meets the ACI load bearing test re­
quirement if the design live load is 20 pounds per square foot with the 
specified factor of safety. Typical 8 foot wall panels will withstand ap­
proximately 1,000 pounds per foot of thrust which is well within structural 
requirements.
REFERENCES
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HEXAGONAL FOURTEEN FOOT DIAMETER ROOF PANEL BEING CURED IN TYPICAL SURFACE TREATMENT AS CAST ON OUTER SURFACE OF A u a t .t PANEL
PLACE AFTER MOLDING
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LOW COST HOUSING: __________________________
(bow to avoid the "problem " in three words or le s s )
By
Carl P.
Because of the very nature o f the paradigm within which this 
endeavor is conceived we have, in my opinion, misstated the problem.
Scientists and professionals often construct paradigms which 
allow them to limit the problems at hand to those they feel are solvable 
or at least those that they fee l are worthy of their interest and not 
limited by their ability or lack thereof.
"W e have become so accustomed to classifying scientific knowl­
edge in a way that corresponds to the departmental structure o f univer­
sities that we act as though Nature was so structured. Nothing could 
be further from the truth. There are no such things as physical prob­
lems, biological problems, psychological problems, economic prob­
lem s, (housing problems), and so on. There are only problems; the 
disciplines of science represent different ways of looking at them ."1 
The parentheses were added.
There are opportunities and pitfalls in the paradigms of spe­
cialized knowledge jargons and insights, yet we are definitely in a 
superior position if  we recognize their limitations and are self-con­
scious about our approaches and definitions. This self-awareness is 
critical if we are truly concerned about alleviating the causes of the 
disparities which we observe.
LOW-COST HOUSING IS A SOLUTION LOOKING FOR A PROBLEM. 
We have for some time observed the negative situationof inadequate 
shelter for low-income families which I contend is the problem. Low- 
cost housing is but one solution. If we examine low-cost housing as a 
problem we decide that solutions such as industrialized housing, federal 
support to housing supply, etc. are reasonable ideas.
If, on the other hand, we identify the problem as shelter for low- 
income people, the emphasis is on people, and we therefore examine the 
context within which people are operating and attempt to focus on the 
causes of the symptoms observed. This would lead us to examining job 
training, education, economics, federal subsidies to people, migration 
patterns, motivation, etc.
One pitfall with the approach 1 am suggesting is that the enlarged 
scope of our concern increases the difficulties of articulating and dealing 
with the problem and in deciding upon appropriate strategies. As noted 
earlie r, this is often the excuse for artificially limiting the problem so 
as to bring it into line with our inabilities. This limitation, however, 
m ay easily be the point at which we effectively exclude ourselves from  
relevant strategies for alleviating the causes of the disparities which, 
as stated before, is the poor and inadequate housing which is consistently 
relegated to lower economic groups.
♦Planner/Assistant Dir. of Environmental Component, Urban 
Studies Center, University of Louisville
Sharpe*
If we accept the above hypothesis, then we arrive at a sacred 
proposition. The problem area we construct must be large enough to 
include a high likelihood of our examination of strategies relevant to 
the observed situation and small enough so as not to exceed our capa­
bilities to deal with it. LOW -COST HOUSING AS A  PRO BLEM  AREA DOES 
NOT CONTAIN SOLUTIONS TO THE OBSERVED INADEQUACIES O F  THE 
LOW -INCOM E PE O PLE  LIVING IN CURRENTLY INADEQUATE HOUSING. 
Although one of many, the approach discussed later does.
INADEQUATE HOUSING IS A  SYMPTOM OF THE INAB ILITY  OF  
THE PE O PLE  LIVING IN IT  TO COM PETE WITH SUCCESS WITHIN AN  
ECONOMIC, SOCIAL, AND  POLITICAL SYSTEM FOR THE HOUSING 
WHICH BY  COMPARISON IS NOT INADEQUATE. M erely providing said 
people with adequate housing w ill not effectively change this situation; 
it w ill suffice only in temporarily removing a highly visible symptom. 
Removing the symptom without alleviating the problem w ill likely aggra ­
vate the problem, as stated, by submerging it and thus allowing the 
situation to decay further unattended.
This is sim ilar to the anxiety expressed by a local educator who 
was remorseful over the removal of outdoor toilets from the last such 
school because it was the only visible symbol he could use to promote 
money for education. Double sessions, currently practiced, was a 
dead issue.
At best we may conclude that inadequate housing affects se lf­
perception, psychological frustration, and the physical health and w e ll­
being of the people living in it. By definition that is what makes it 
inadequate. We can easily say the same things concerning forced 
segregation by race, income, origin, education, etc. IF THE PEO PLE  
TO WHOM LOW -INCOM E HOUSING IS RELEGATED W ERE ABLE TO  
CO M PETE SUCCESSFULLY FOR THE GOOD LIFE, THEN DILAPIDATED, 
INADEQUATE HOUSING WOULD DISAPPEAR AS A SYMPTOM, SINCE  
W E W ILL  HAVE SOLVED THE PROBLEM.
A N  APPROACH BY EXAMPLE:
The problem we have addressed ourselves to is to evolve a 
strategy to assist 1, 000, 000 poverty stricken people (there were 32 
million in 1957 by national definition) who, because of their current 
situation, have failed to compete successfully for housing, jobs, social 
and recreational amenities, and psychological well-being. IT IS 
CRITICAL TO R EALIZE  THAT THESE ITEMS ARE NOT SEPARABLE  
OR INDIVIDUALLY SOLVABLE.
The following are the ingredients o f the New Community System 
now being planned by the University of Louisville's Urban Studies Center
to help solve the impacted problems of poverty in America, ru ra l and
urban.
The concept is  simple, although its implementation requires the 
carefully planned, systematic blending of all of its aspects.
It involves the development of a system that will assist as many 
as one million poverty-stricken families to move, voluntarily, into both 
productive employment and a socially supportive environment in New 
Communities.
These planned communities would be developed in the outer 
fringes of economically thrusting medium-sized urban regions where 
labor is needed to realize present and future economic growth poten­
tials. Located thus, these New Communities would provide the added 
advantage of helping to balance the inexorable trend toward urban 
sprawl and one class communities.
To avoid "one classness" and provide a socially and econom­
ically balanced population as part of the supportive environment, steps 
would be taken to attract to the New Communities an equal number of 
"non problem" people--those already gainfully employed in the urban 
region, particularly those so-called "forgotten Americans" within the 
lower-middle income range of $5, 000-$10, 000''“ a year, plus those 
needed for managerial positions.
To test this systems approach, the Office of Economic Oppor­
tunity in May 1969 funded the Urban Studies Center to develop pre- 
operational plans for the first of the proposed New Communities. 
Kentucky, quite naturally, was selected as the site for our proposed 
demonstration.
The proposed New Community is being planned for a location 
in the outer fringes of the Louisville urban region, within 30 commuting 
minutes of the highly-developed industrial-commercial-service com­
plexes that surround the city. The city's deteriorating central neigh­
borhoods and the economically depressed Appalachian region of East 
Kentucky are considered the primary sources for those prospective 
residents who will need assistance to voluntarily relocate to the de­
signed community.
The pilot community is being planned for 20, 000 families, or 
a population of 80, 000. Included would be 10, 000 non-employed and 
under-employed families, half from inner-city neighborhoods and half 
from among rural residents already predisposed to migration. It is 
expected another 5, 000 families would be naturally drawn to the New 
Community for the managerial and administrative positions that will be 
available there, usually at salaries above $9, 000 or $10, 000* a year. 
The final 5, 000 would be made up of those already productively employed 
in the region but who would be drawn by the convenience and attractive­
ness of the designed community. The New Community would be partic­
ularly attractive to the moderate ($5, 000-S10, 000 a year income worker 
whose upward mobility has otherwise been severely restricted--and  
"forgotten" - -in the inflationary crunch of recent years.
Such a development, involving housing, schools, shops, and 
other facilities for 20, 000 families, would achieve the economies of 
scale and the maximum probabilities for success.
JOBS--DECENT ONES THAT PAY RESPECTABLE LIVING  
W AG ES--AR E ESSENTIAL TO PAVE THE ASSISTED MIGRANTS' W AY  
TO PRODUCTIVE TAXPAYING, SELF-SUPPORTING SECURITY.
THIS IN ITSELF COULD SOLVE THE PROBLEM OF HOUSING FOR 
LOW-INCOME PEOPLE WITHOUT INTENSE EXAMINATION OF LOW  
COST HOUSING. The jobs to be sought are those that pay at least 
$6, 000* a year, which w ill enable the poor to afford the new homes 
that would be built for them in the New Community as another key e le ­
ment for their transition into self-respecting existence.
The migrating families will be given comprehensive preparation 
and training both before they relocate and afterwards, to increase the 
probability of their successful transition into the new environment.
Not only will the family breadwinners be trained for the specific jobs 
awaiting them, but also the family will be provided with advance o r i­
entation for urban life. The New Community's education system w ill 
be planned to provide compensatory schooling for all who need it, as 
well as continuing adult education. This is a critical issue to the prob­
lem of inability to compete with success for housing which would not 
be considered in the problem area low cost housing.
New, more sophisticated, and more realistic means for involv­
ing citizens at all levels in the planning and implementation of the New  
Community demonstration are being designed.
Also, there will be formed a broadly-representative non-profit 
Community Corporation, made up of urban and rural leaders collec­
tively capable of securing the necessary public and private commitments 
to bring the New Community into being. Legislation, drafted by the 
Urban Studies Center, was passed by the 1970 state legislation and 
became law. It authorizes the establishment of New Community Districts 
and sets up the necessary District Corporation.
The concept of the New Community System developed from recog­
nition that problems of poverty or lack of successful competition by 
some for the good li fe --o r  even the adequate life --in  housing, jobs, 
mobility choice, self-realization, education, income, etc. were a ll at 
once causes and results. Failure to alleviate the problems in any one 
area had consequences on all the others. Thus housing must be examined 
as part of a system of interrelated phenomena both causing and being 
affected by all other elements within the problem system.
ALTHOUGH AN "INCOME STRATEGY" BASED ON EM PLOYM ENT  
IS CRUCIAL, PERMANENT RELIEF FROM POVERTY AND ESCAPE FROM  
DEPENDENCE ON GOVERNMENT SUBSIDY REQUIRE MORE THAN A 
JOB. ALSO REQUIRED IS A POSITIVE SOCIAL, CULTURAL, AND  
PHYSICAL ENVIRONMENT, BACKED UP BY SUPPORTIVE SERVICES,
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A ll figures herein re fer to 1968 dollars.
TO CO M PENSATE FOR DAM AGING  DEPR IVATION  W HICH IN M ANY  
CASES HAS CONTINUED FOR GENERATIONS.
The concept o f the New Community System does not ignore efforts 
now underway to improve conditions both in depressed ru ra l regions and 
in deprived deteriorated inner-city districts. Nor is  the system  
offered as an alternative to these o r  other efforts to assist the poor.
However, it must be recognized that these efforts--com m end­
able as they are --have  not and cannot produce the necessary improve­
ments, social and economical, fast enough to meet the immediate 
needs o f a ll those who are in poverty NOW. The New  Community 
System can--and can do it with relatively low investment o f public 
funds that would be more than offset in increased productivity, savings 
on welfare costs, and new tax revenues.
Outright government subsidy would be minimal. Full imple­
mentation of the New Community System is  expected to require no more 
than one-tim e government investment of $7, 000 for each family needing 
assistance to move out of poverty and into the planned New Community.
The $7, 000 per fam ily would largely be "invested" in the areas 
of origin, in human resource development. The greater portion of this 
total would be invested in (1) training the heads o f m igrating families 
for Specific jobs and for the modern world of work, (2) in preparing
the entire family for life in the New Community, and (3) to a le s se r  
extent, in  identifying and channeling private investment in the creation  
o f new employment opportunities for those fam ilies needing assistance.
The point which must be emphasized is that dealing with the 
proper sets of issues has led us to a process of examining the inter­
relationships between the causal elements, one of which is  low cost 
housing. STARTING FROM LOW  COST HOUSING AS A  PR O B LE M  AR EA  
W O U LD  HAVE E F F E C T IV E L Y  EXCLUDED US FROM THE R EALM  OF  
STRATEGIES WHICH CONTAIN R ELEVANT  SOLUTIONS TO  THE PR O B­
LEM  O F  HOUSING FOR LOW INCOME GROUPS. What is  involved is 
much m ore than a simple restatement of the problem area  but includes 
a realistic look at the morphology of environmental problems.
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INCREASING THE PRODUCTIVITY OF HOUSING DEVELOPMENT CORPORATIONS
By
Carol Van Alstyne*
Housing development corporations — or HDC's as they are coming to be 
known - -  are a re la t iv e ly  new force in the development o f housing for low 
income families in the United States. Widespread creation of HDC's has taken 
place only in the la st five years. HDC's are ordinarily  organized as non­
profit corporations which may develop housing themselves, or more typically , 
may lend money and/or provide technical assistance to sponsors who in turn 
develop housing. Early HDC's were funded by private and public sources, by 
federal government agencies, particu larly  0E0 and the Model C ities Administra­
tion, and by state and local governments. HDC's and the nonprofit sponsors 
they assist  are increasingly important vehicles for creating and carrying out 
housing assistance programs. Since nonprofit sponsorship of low income housing 
was f ir s t  authorized by the Housing Act of 1959,^ the sector has accounted for
2
over 30 percent o f the assisted units produced in the United States.
The persistence of bad housing conditions for large numbers of low 
income fam ilies, the serious sh o rtfa lls  from stated national housing goals, 
and the strident demands for better environments have combined to heighten 
concern about a b il ity  to produce the required housing improvements.
With the objective of generating techniques to improve its  own operational 
productivity, the Low Income Homing Development Corporation has attempted to 
seek out and adapt systems techniques to the development of low income housing. 
This paper describes an application and extension of the standard technique 
of network analysis to the new area o f low income housing development.
LIHDC is a nonprofit HDC which operates statewide in North Carolina. The 
corporation was organized in 1966; the background data used in the generation 
of the network is  based on approximately three years of operating experience. 
LIHDC was funded o rig in a lly  with a development loan fund of $290,000 which 
has not been replenished. The funds are being used to assist  in the develop­
ment o f 14 projects, which w i l l  serve 1200 fam ilies in housing financed by 
$14,600,000 in mortgages.
Measuring the Productivity of an HDC
The productivity (or output per unit of input) of an HDC must be 
measured against the objectives of the organization. HDC's generally  
have two sets of objectives. One set of objectives relates to the production 
of housing units u tiliz in g  existing housing assistance programs. The other 
set o f objectives relates to the advocacy o f change in housing po lic ies, 
programs and detailed project implementation so that they serve the interests 
of low income fam ilies more e ffe c t iv e ly . An operating HDC becomes acutely 
aware of the gross inadequacies of the existing housing assistance programs.
I t  is re la tiv e ly  easy to measure productivity o f HDC's in terms o f the 
do lla r value and the physical units o f housing output. I t  is  far more 
d if f ic u lt  to measure the productivity or cost-effectiveness of HDC's in  
terms of reducing poverty by improving the re la tive  w e ll-be ing  of low in ­
come fam ilies. This paper deals only with productivity in narrow physical 
and financial terms. But unless HDCs are highly productive in these terms they
^Subsequently, nonprofit sponsors were included as e lig ib le  mortgagors 
in each of the succeeding major housing assistance programs: the below- 
m arket-interest-rate in 1961, the rent supplements in 1965, and interest 
subsidies in 1968.
2FHA estim ates.
♦Assistant Director for Program Development 
Lew Income Housing Development Corporation 
♦♦S ta tis t ic a l advisory services and computer program ing in developing 
the HDC production capacity estimating model were provided by Fred Sheppard, 
Vice President, Triangle Automation, In c ., Durham, North Carolina.
may not survive to pursue the broader socia l objectives they ultim ately seek. 
HDC Development Funds
The development, or revolving loan, fund o f an HDC is budgeted and 
accounted for separately from the administrative expenses of operating the 
fund. Loans are made to sponsors for the in i t ia l  expenses of developing a 
project up to the point when mortgage funds become availab le  to finance 
the project. The in i t ia l  expenses may include costs incurred for s ite  
options, attorney's services, arch itect's services, subsoil investigations, 
mortgage insurance commitment, t it le  searches, and building permits. The 
front money is returned to the HDC by the sponsor out of the f ir s t  take­
down o f mortgage funds at the time o f the in i t ia l  c los ing . Typical develop­
ment fund draws are specified in Table 1.
The number of housing units which an HDC can help sponsors produce 
(the physical production capacity of an HDC), is a d irect function o f the 
size of the revolving fund and how fast the fund can be turned over. I f  
a revolving loan fund can be turned over three times in two years instead 
of twice, the HDC can increase its  productivity 50 percent and assist h a lf  
again as many low income fam ilies .
LIHDC analyzed its  own operations in an attempt to rationalize the 
operation of the revolving fund by projecting the required cash outflows for 
individual housing projects and carefu lly  timing commitments for future draws 
against the fund. The basic cash flow projections were derived from a com­
puterized network developed by the s ta ff  o f approximately 400 ac t iv it ie s  de-
3
scribing in d e ta il the development of a low income housing project.
Table I
TYPIGAL DEVELOPMENT FUND DRAMS
$1,000,000 Mortgage 
Development Development Fund
Phase Draw Estimated Amount Cumulative Draw
Start Prolect
F eas ib ilitv
Attorney's fee (5%) $ 500 $ 500
Architect's fee (5%) 2,500 3,000
Option on s ite 4,000 7,000
Topographical survey 2,000 9,000
Conditional 
Commi tment
FHA conditional 
commitment fee 2,250 11,250
S o il borings 2,000 13,250
Architect's fee (10%) 5,000 18,250
Firm
Commitment
FHA firm
conmitment fee 2,250 20,500
Attorney's fee (5%) 500 21,000
Architect'8 fee (15%) 7,500 28,500
FNMA/GNMA commitment 
fees (1.5% -  1.75% 
of mortgage amount)1
22,500 51,000
Building permit 500 51,500
In it ia l
Closing
T it le  search, recording 
and t it le  insurance 2,000 53,500
3
A* In it ia l ly  constructed, the network is  deterministic rather than 
p ro b ab ilis tic . As more experience is gained we can attach likelihoods of 
completing a c tiv it ie s  at specified  tlsws and costs.
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HDC Production Capacity Eg timeting Model
Estimates of the actual production capacity of an HDC must take the 
following six factors into consideration!
1. The size of the development fund,
2. The total front money requirements for any given development,
3. The timing o f the front money expenditures,
4. The period during which the front money is outstanding.
5. The lag time between commitments against the development fund, and
6. V ariability  in each o f the other factors and the consequent require­
ments for a contingency reserve.
A model has been developed to help the sta ffs  of HDC1s estimate the 
production capacity o f their development fund. The model takes each of 
the six factors mentioned above into consideration.
At any point in time, the aggregated outlays from the development fund 
may add up to an amount equal to the development fund.less contingency reserves 
The model is  currently specified in a linear form; that is , the rate of 
expenditures for each project is constant. On the basis of a number of 
empirical observations, however, it  appears that the linear or constant rate 
of expenditures is a fa ir ly  good approximation of the actual r a te .
Based on the estimates o f the development fund cash requirements and 
the timing of activ ities indicated by the network, the cash outlays for a 
single development look approximately as shown in Figure 1.
i
i
60 .
Y
1 ^ , l »-
0 6 10 14 18
First Contact Feasibility Conditional Firm In it ia l
With Sponsor Commitment Commitment Closing
TIME (Months)
DEVELOPMENT FUND CASH OUTLAY FOR SINGLE PROJECT 
Figure 1
By pooling the funds and timing the commitments against them, the cash 
outlays for a series of projects look approximately as shown in Figure 2.
i
The model for estimating the amount of housing program activity which 
can be supported by a development fund of a,given sire, asswing no start­
up delays, is:
n n
l Yt  -  l 6 (X  -  ( i - D  - T -C : (X <- X ^
l - l  i - 1
Where:
i -  project number
Y^ -  dollar outlay on (i )t h  project at anytime X 
Y »  maximum dollar outlay on a given project 
X  ^ — period of front money conssitment 
X -  total lapsed time
X  ^ -  X - ( i - l )  X  ^ -  lapsed time of ( i )t h  project 
X^ -  lag time between commitments
n -  number of projects 
y"
6 -  - j —  -  rate o f cash outlay
c
Yt -  (X - ( i - l )  X jH : (Xt ^ Xc)
T -  total development loan fund
C «  contingency reserve
I Y - T - C  
i-1 1
The terms are defined graphically as shown in Figure 3.
X
GRAPHIC DEFINITION Of TEEMS 
Figure 3
TIME
DEVELOPS NT FOND PHASED CASH OUTLAY TOR SEVERAL PROJECTS 
Figure 2
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The equation can be simplified:
1 Amount of front 1 
money needed x 
l per development j
1 Number 1
of
Developments }
JL(n-l) < 
2
Total
Development 
Loan Fund
Contingency 
- reserve
Y x n - 2 T C
For example, if we have the following situation:
T > Development Loan Fund • $1,000,000
C « Contingency Reserve 250,000
Y - Amount of front money 
needed per development 
of 100 units 60,000
Then to solve for the number of projects which can be supported with the 
development fund we have:
60n - Sf(n-l) 2 1,000 - 250
60n - 30 (n-1) - 750
60n - 3On - 30 2 750
30n - 720
Number of 
projects: <n 24
Commitment
period: y 365 *1 3 24 * 15.2 days
This implies that the HDC would be in a position to make a development loan
commitment to a sponsor every IS to 16 days.
Implications of the Model for Increasing the Productivity of HDC
1. There are significant economies of scale in the operations of 
HDC's o r  a t least in the financial aspects of development.
2. In order to maximize the rate of turnover of development funds, 
loan consnitments to sponsors should take the form of a line of 
CTedit rather than a block transfer of funds.
3. Obviously, irrecoverable expenditures from the development fund 
should be minimized to the extent possible. This requires that 
outlays be made only on a prior determination that the project is 
feasible. Starting with a "feasible project,” it is possible to 
work backwards to calculate precisely allowable costs for all cost 
components. And all outlays must be includable in and recoverable from 
the final mortgage amounts.
4. Operating costs for administration of HDC's should be budgeted on the 
basis of (1) the estimated productivity of staff members and 
(2) the amount of activity the revolving fund can support. One 
major reason for trying to estimate the housing production that 
can be supported with a given development fund is to assure that 
the revolving fund and the administrative budget of an HDC are 
appropriately related in amounts. If the HDC can estimate the number 
of projects its revolving fund will support and the number of projects 
that each staff person can handle, then the operating budget requirements 
can be projected more accurately. For Instance, staff members of housing 
development corporations have estimated that after they learn their jobs they 
can at one time give technical assistance to six to eight sponsoring groups. 
On this basis with a million dollar development fund and a 25 percent con­
tingency, an organization doing 24 projects would need three to four staff 
persons in the field.
Bibliography
Aras, Restan M., and Jullum Surkis, "PERT and CPM Techniques in Project
Management," Journal of the Construction Division. Proceedings of the 
American Society of Civil Engineers, Volume 90, (March, 1964), pp. 1-25.
Meyer, Halter L., and Louis R. Shaffer, "Extending CPM for Multiform 
Project Time Cost Curves," Journal of the Construction Division.
Volume 91, (May, 1965), pp. 45-67.
PERT for CAA Planning: A Programed Course of Instruction in PERT.
Office of Economic Opportunity Training Manual 6321-1, Systems 
and Analysis Division, Community Action Program, January, 1969.
Van Alstyne, Carol, Laurette West, and Chandra Harrington, Network 
Analysis for Lew Income Housing Development: Prepared for the 
HDC Monitoring Project, Urban America, Washington, D.C., June, 1970.
Van Alstyne, Carol, "Network Analysis Technique Used to Manage and 
Coordinate Low Income Housing Developsient Process,” Journal of 
Housing, Volume 27, Number 5 (May-Jvna, 1970), pp. 244-249.
183
Acoustic Evaluation of the Ten Houses
in the Austin Oaks Project 
By
Elmer L. H ixson*
I. Introduction
Ten single family dwellings were constructed in Austin, Texas under 
the sponsorship of the U. S. Department of Housing and Urban Development.
In the search for adequate housing within the financial reach of low income 
families, HUD selected houses using widely different building materials and 
construction practices. The University of Texas was asked to provide 
engineering, architectural, sociological and psychological evaluations of 
the houses as family dwellings. The tests reported here are part of the 
engineering evaluation but also bear on the sociological and psychological 
factors .
Acoustic evaluations appropriate to the single-story dwellings already 
constructed are carefully specified in "American Society for Testing Materials, 
Tentative Recommended Practice for the Measurement of Airborne Sound Insulation 
in Buildings", (ASTM Designation: E336-67T). Three types of tests are 
recommended. The Field Transmission Loss is an engineering evaluation of 
the acoustic noise isolation properties of a wall panel as constructed in the 
building. This test is useful in comparing the interior wall materials and 
construction methods. The second test. Noise Isolation, provides a measure 
of isolation between rooms under normal conditions when the sound can travel 
all possible paths. These are through walls, heating and air conditioning 
ducts and return paths, doors, windows, ceilings, floors, etc. The third 
test, Insertion Loss, is a measure of the effectiveness of the exterior walls 
and roofs in blocking outside noises from getting in the house.
The Field Transmission Loss is clearly an engineering evaluation while 
the other two factors bear on the "livability" of a house. The Noise Isolation 
provides a measure of the privacy of the occupants of a room and the protection 
from unwanted noise from the rest of the house. The Insertion Loss is a measure 
of the isolation from disturbing outside noises. I.
I I . Test Procedures
Field Transmission Loss -  In order that the tests might be valid and 
uniform so that comparisons can be made to tests on other partitions, the 
ASTM document cited above requires that the following conditions must be 
met:
a) The test partition should be approximately 8' x 9' or larger 
to be independent of edge effects.
b) The test signal is to be random noise and measurements are 
to be made in 1/3 octave bands with center frequencies from 100 Hz to 
5 KHz.
c) The source room and receiving room (separated by the partition 
under test) must have reverberant sound fields. To insure this condition 
there must be at least 10 modes excited and the average absorption co- 
* A R o = I 5 « ^ n , « „ .  o f  E le c t r ic a l  E n g ineerin g . U n ivers ity  o f
efficient be less than 0.2 5 in the frequency band of interest. (The minimum 
room volume for each 1/3 octave band is given in the ASTM specification).
In addition the measuring microphone must be no closer than 1/3 wavelength 
to any wall.
d) To prove that the sound measured in the receiving room is 
passing through the test wall and not arriving by flanking paths, the 
wall must be acoustically shielded and the sound pressure level in the 
receiving room must drop at least 3dB.
In each of the houses, an interior partition was chosen that was 
unincumbered by closets, shelves or other attachments. In all cases 
the size was sufficient to satisfy condition (a). Condition (b) limits the 
lowest frequency for these tests. This is the case since the low 
frequency 1/3 octave bands have the lowest band width which will 
support the least number of modes. In several of the houses the rooms 
were so small that testing could not be done down to 100 Hz as required.
To satisfy the conditions of (d ), an attempt was first made to 
eliminate flanking paths. Duct registers, windows and doors adjacent 
to the test partition were blocked with fiberglass batting. Then after the 
transmission loss test, the wall was blocked on the receiving side by a 
portable sound blocking partition. This consisted of large sheets of 3/4” 
plywood with 1" thick fiberglass board on one side. These were placed 
with the fiberglass toward the test wall, fitted and sealed with masking 
tape. In several cases flanking paths predominated at the extremes of the 
frequency range. In one case, the wall was so effective that flanking paths 
could not be eliminated and transmission loss could not be measured.
Field transmission loss is calculated from measured sound pressures 
as follows:
F .T .L . (dB) = T j -I72 + 10 l°9 S -  10 log A2
where L[ is the average sound pressure level in the source room andT2 is 
the average sound pressure level in the receiving room where both are in 
dB relative to 0.0002 pbar. The area of the test partition in square feet 
is S and A2 is the total receiving room absorption in Sabines. The absorption 
in third octave bands spaced one octave apart was determined from reverberation 
time measurements. This was sufficient since A2 did not vary greatly with 
frequency. (Reverberation time, T, is the time in seconds for the 
reverberant sound field in the room to drop 60 dB after the noise source 
is turned o ff). Then:
A2 = 55.2 V/c T 
and can be expressed in dB as
A(dB) = 10 log A2
where V is room volume in cubic feet and c is sound speed in feet per second. 
Since c depends on air temperature and water vapor content, wet and dry bulb 
temperature measurements were taken.
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Field transmission loss data are presented later in the test result section.
Regions where flanking paths existed are indicated on the curves. Values of in figure 1. It is shown in the configuration used for Field Transmission
A(dB) are plotted at the frequency of the 1/3 octave band in which they were Loss measurement. Since the 1612 filter could be operated as a 1/3 octave
measured. Since values of A(dB) were not determined in every band the and full octave filter set, all the tests could be performed with the equipment
values plotted cannot be connected with a graph. In addition a Field Sound as shown.
Transmission Class (FSTC) rating is determined for each partition. This is The electrical noise source used in the tests provided a noise spectrum
done by fitting a profile to the Field Transmission Loss plot. This profile that decreased with frequency so that the energy in proportional band filters
is flat from 1.5 KHz up, increases at 6dB per octave from 350 Hz to 1.5 KHz such as the octave filter set would be constant. This is called "Pink Noise"
and has a slope of +10 dB per octave below 350 Hz. The profile is fitted to because of higher amplitudes at the low frequency end.
the F.T. L. curve from below and placed where it just touches some point on The noise signal was then passed through an octave filter set. With
the curve. Then the FSTC is read from the flat portion. This rating has the combination of the "pink noise" and octave band widths, the best
been determined as a good measure of a partition's effectiveness in utilization of the power capabilities of the amplifier and loudspeakers
blocking noise that is most annoying to people. could be made. The amplifier had two channels with 30 watts per channel
to two wide range loudspeakers. With this system, sound levels of
Noise Isolation -  This factor was measured by producing broad band approximately 90 dB re 0.0002 pi bar in most octave bands in the rooms
noise in a room then measuring the noise in octave bands in the source could be obtained.
room and a receiving room. Only one microphone position was used in each Sound pressure levels were determined by the use of a capacitor
room. Noise Isolation is then the difference in sound pressure level in dB microphone whose calibration was checked before each test with a piston
between the two rooms. Regardless of room size, data were taken in octave phone. The sound level meter provided power for the microphone pre-
bands centered at 63 Hz to 8KHz. amplifier, further amplified the signal and provided a direct reading of
In each house, the living-dining area was used as source room. In sound pressure level. The sound level meter provided an output to the
normal living this would be expected to be the noisy area of the house. 1/3 octave filter and power for the octave filter.
Each of the other rooms was successively used as receiving room. The third octave filter could be automatically stepped from one band
For realistic results, the house and furniture were kept in normal to the next by the level recorder. The filtered signal, after being amplified ,
condition. No sound paths were blocked but a ll doors were closed. was fed to the level recorder. This instrument detected the signal and
plotted it logaritmically. Then as the chart ran at constant speed the
Insertion Loss filter was stepped, spending about 5 seconds at each third octave. When
This quantity is defined as the ratio in dB of the sound pressure the 1612 filter was switched to octave band widths about 15 seconds was
level from an external source that is measured in the houses to the sound spent in each. The octave filter determining the transmitted noise spectrum
pressure level measured at the same place with the house not there. Since was manually switched in synchronism with the third octave filter.
it was not possible to remove the houses, another procedure was used. Since the level recorder had a writing speed faster tnan 600 dB per
A loudspeaker producing broad band noise was placed outside 50' from a second it was used for reverberation time measurements. With the noise
microphone in the center of the test room. Sound pressure level was on, the chart drive was run at high speed, then the noise turned off. From
measured in octave bands with center frequencies from 63 Hz to 8KHz. the slope of the decay curve which was linear because of the log plot, the
Then the source was moved away from the house and the microphone
reverberation time was determined.
placed 50' from it to simulate the no house conditions. Precautions were
With the equipment described, the three kinds of measurements could
taken to keep the same path direction to minimize wind effects and to stay 
away from other houses to prevent reflected paths. Sound pressure levels
be rapidly made.
were again measured with the same electrical drive to the loudspeaker. IV. Test Results
The two sets of data were than used to calculate Insertion Loss. The figure labeled House No. 1 shows the house plan and indicates the
Only one room in each house was used in the test. This was usually wall tested and detail of the wall construction. Other information about
a bedroom, being one of most concern to outside noise, and there was the house construction is given.
usually a window in the exterior wall facing the sound source. Thus, the The Field Transmission Loss curve for the wall tested in House No. 1
exterior wall material and construction was not evaluated but the combination follows. The template used to determine FSTC is shown dotted and values
of wall-window-roof effectiveness in blocking outside noises was measured. of absorption. A , are plotted. Regions where flanking paths nullified the
data are Indicated.
III. Measurement Equipment The FTL curve slope is typical of the walls in the rest of the houses
The equipment used in a ll the tests are shown in block diagram form end walls in general. Mass effects control the characteristics above about
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300 Hz. The slope Is about 20 dB per decade. The wall stiffness may 
resonate with the mass to produce a dip such as at 300 Hz and result in 
a rise in FTL at low frequencies. Another effect often occurs that is indicated 
by this curve. Building partitions readily support flexural waves that can 
be excited by sound incident at some oblique angle. The peaks and dips 
at 0.63, 1.0 and 1.6kHz are typical of these effects.
It can be seen that the dip at 1.0 kHz determines the FSTC which is 27.
A value of about 40 is necessary to provide reasonably good noise isolation 
between rooms. For values below 20 ordinary conversation could probably 
be understood in the adjacent room.
The noise isolation curves for house No. 1 might be expected from 
the placement of rooms shown on the floor plan. The bath and bedroom 
No. 5 are equidistant from the source in the kitchen-living room area.
However, the door to the bath is nearer the source giving a lower noise 
isolation. Taking an average for the curves above 2 50 Hz the bath is 
22 dB, bedroom No. 5, 30 dB and the other bedrooms about 34 dB. Although 
the wall FSTC is not good, because of the separation,four of the bedrooms 
are fairly well isolated from the noisy area.
The insertion loss for House No. I in bedroom No. I is poorer than 
the wall FSTC would predict. This results from the windows providing a 
flanking path. This was typical of all the houses with a window facing 
the sound source.
The three sets of curves for each house are not included here but 
the general characteristics are summarized in Table 1. This table is 
followed by a floor plan and wall detail of the houses.
In general the mass of the wall controlled the FSTC with some exceptions. 
House No. 6 had very light weight walls and poor FSTC. Houses 1, 3, 4, 5 
and 10 had light weight walls and FSTC about 27. Houses 2, 8 and 9 had 
medium weight walls but only No. 8, the most conventional partition, was 
adequate. No. 2 was limited by transverse wave effects. No. 7 had massive 
walls but it was completely negated by flanking paths.
Insertion loss was poor in all but one case because of windows 
facing outside sources. In No. 2 , however, heavy sliding doors faced 
outward instead of windows and Insertion loss was significantly higher.
Conclusions
The construction practices used in these low cost houses resulted 
in light weight and flexable walls which provide poor acoustic isolation. 
However, it should be noted that acoustic considerations were not design 
considerations in planning the houses. In many cases small changes could 
have improved the acoustic characteristics considerably.
It is felt that acoustic noise isolation should be a strong consideration 
in low cost housing design since it bears greatly on the “livability" of a 
house. Good noise isolation insures the privacy of the members of the 
household, provides conditions for children to get adequate sleep and 
reduces the irritation of long noise exposure.
House
No.
Wall Weight 
lb/ft*
FSTC
Noise Isolation 
Bath Bedroom 
dB dB
Insertion
Loss
dB
1 2.9 27 22 34 20
2 7.5 25 20 27 30
3 2.8 32 22 30 23
4 2.8 24 20 24 27
5 2.8 25 22 25 15
6 1.25 19 18 27 17
7 96 28 16 24 20
8 5.2 38 16 23 18
9 9.0 32 16 20 25
10 1.4 31 15 15 22
Table l
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OCTAVE CENTER FREQUENCIES, KH2
WALLS PLYWOOD “STRESSED SKIN SANDWICH
PANELS1' WITH FIBERGLASS INSULATION
STUDS AT WINDOWS AND DOORS, WT. 29LBS/FT2
ceiling ‘Stressed skin sandwich panels'
FLOOR "STRESSED SWN" 5/8 PLYWOOD ON
tfx 4\ 16" 0 C SEAMLESS VINYL 
ACRYLIC COVERING
RECEIVING ROOM B‘X9', cr=02l3
NOISE ISOLATION, HOUSE NO. I
HOUSE NO. I
X -A (d B ) F S TC * 27 T E S T  ROOM- BEDROOM NO. I
FIELD TRANSMISSION LOSS, HOUSE NO. INSERTION LOSS, HOUSE NO. I
187
3.
00
House
No.
Wall Weight 
lb/ft2 FSTC
Noise Isolation 
Bath Bedroom 
dB dB
Insertion
Loss
dB
1 2.9 27 22 34 20
2 7.5 25 20 27 30
3 2.8 32 22 30 23
4 2.8 24 20 24 27
5 2.8 25 22 25 15
6 1.25 19 18 27 17
7 96 28 16 24 20
8 5.2 38 16 23 18
9 9.0 32 16 20 25
10 1.4 31 15 15 22
WALLS LAMINATED LOAD BEARING PANELS,
5/16" ALUMINUM CLAD PLYWOOD 
EXTERIOR, I V? EXPANDED POLYSTYRNE 
CORE AND V4 PREFINISHED PLYWOOD 
INTERIOR WT. 2 8 LBS/FT2
CEILING SUSPENDED ACOUSTICAL TILE WITH
3" FIBERGLASS INSOLATION
floors i'/s" plywood on joists
RECEIVING ROOM 8’X 12', o> * 0.345
HOUSE NO. 3
WALL STUD - 
2-X2"
•PREFINISHED 
1/4“ PLYWOOD
WALL DETAIL
WALLS PREFABRICATED 4‘X8' PANELS
WT 7 5 LBS/FT*
CEILING PRECAST CONCRETE SLAB
ELOOR CONCRETE SLAB, CARPETED
RECEIVING ROOM I0’X 16', a*0274
WALLS PREFINISHED PLYWOOD ON 2UX i '
STUDS 16“ OC WT. 2 8LBS/TT2
CEILING 3/fe" GYPSUM BOARD
FLOORS SHEET VINYL ON 5/b“ PLYWOOD
ON 2“X6“ JOIST 16“ O C
RECEIVING ROOM 8'X 8', a = 0 143
HOUSE NO. 2 HOUSE NO. 4
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WALL STUD. 
2"X 2"
PREFINISHEO 3/16“ PLYWOOD
WALL DETAIL
WALLS PREFINISHED PLYWOOD ON t  X 2”
STUOS 16” O.C. WT. 2.8 LBS/FT2
CEILING 3/fe“ GYPSUM BOARD ON 2“ X 4"
JOIST 16“ O C
FLOOR VINYL ASBESTOS TiLE ON %"
PLYWOOO ON 2“ X 8f‘ JOIST 20" 0 C.
RECEIVING ROOM 6‘ X !<£ a  - 0.209
EXTERIOR AND
ONE INTERIOR WALL CONCRETE SACK,
SUNNITE SPRAYED FINISH 
WT. * 96 LBS/FT.2
CEILING OPEN BEAM - 4“ X 6“ AT 24"
<yc W1 5/8“ PLYWOOO DECKING
FLOOR vinyl ASBESTOS TILE ON
CONCRETE SLAB
RECEMNG ROOM 8' X 9', or* 0.323
HOUSE NO. 5 HOUSE NO. 7
ALUMINUM
WALL DETAIL
WALLS AND ALUMINUM SKIN HONEYCOMB CORE
CEILING HOOF AND EXTERIOR WALLS - 3“
INTERIOR WALLS — 2“ WT 1.25 LBS/FT*
FLOOR VINYL ASBESTOS TILE ON V
PLYWOOD ON 2“X6“ JOIST 24 O.C.
RECEIVING ROOM 9X (O', • = 0.311
WALLS INTERIOR'GYPSUM BOARD ON
STUDS, EXTERIOR * CONCRETE BLOCK 
WT * 5.2 LBS /FT2
CEILING 1/2“ GYPSUM BOARD ON 2“ X 4“
TRUSSES AT 24“ <VC
FLOOR ASPHALT TILE ON CONCRETE
SLAB
RECEIVING ROOM 9'X 13', «* 0202
HOUSE NO. 6 HOUSE NO. 8
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WALLS POST AND PANEL SYSTEM
ASBESTOS CEMENT EXTRUSIONS 
W T = 9 LBS/FT2
CEILING 1/2” GYPSUM BOARD ON
2" X 4“ TRUSSES AT 24“ (VC
FLOOR ASPHALT TILE ON CONCRETE
SLAB
RECEIVING ROOM 10’ X IO*t a *0321
2"X2f‘ STUDS 24“ OC: VINYL COVERED CARDBOARD
WALL DETAILS
WALLS EXTERIOR 2" THICK CAST CONCRETE
“PANEL LOCK" SYTEMS, INTERIOR 
VINYL COVERED CARDBOARD 
WT. 1.4 LBS./SQ. FT.
CEILING 1/2“ GYPSUM BOARD ON 2,,X4'' JOIST
24“ O.C.
FLOOR CONCRETE SLAB
RECEIVING ROOM 7* X 9* , a =0.372
HOUSE NO. 9 HOUSE NO. 10
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EFFECT OF THE SUPPLY OF LOW COST HOUSING
ON IN-MIGRATION OF THE UNSKILLED
This symposium is  centered around the "problems" o f  low cost 
housing, and suggested topics range from construction methods and 
research through housing system management. The implication 
throughout seems to be that low cost housing is  ben efic ia l to the 
c ity , so that the only problems to be solved are to find  the most 
e ffic ie n t  and e ffective  ways to increase and improve the low cost 
housing stock. From a systems point o f  view, however, bousing is  
only one o f many subsystems making up an urban system. Before 
concluding that low cost housing is  b en e fic ia l, i t  seems appropri­
ate to study its  interactions with other parts o f  the urban system.
A recent vehicle fo r studying these interactions is  the Urban 
DynanUcs simulation model o f  Dr. Jay W. Forrester^-. In Frofessor 
Forrester's model low cost housing ("underemployed housing" in his 
nomenclature) is  one o f  nine principle  state variab les interacting  
dynamically in a model intended to simulate the growth and decay of 
a typ ica l urban area. Conditions in the model change through simu­
lated  time u n til they reach an "equilibrium" which is  intended to 
represent the "inevitab le" condition o f  a mature urban area. This 
equilibrium  predicted by the model is  characterized by very high 
(1+5%) unemployment o f  the unskilled, an excess o f  low cost housing, 
high tax rates, and insu ffic ient industria l employment.
Forrester's model consists of a complex set of interacting 
feedback loops devised according to the methodology first published 
in his I960 text, Industrial Dynamics2 . A major problem in the urban 
area as protrayed in this model is the accumulation over time of an 
"underemployed" (unskilled) population greater than the city's 
capability to provide unskilled jobs or to support at reasonable 
tax levels. High tax levels, land shortage as the urban area fills, 
and a number of other interacting factors reduce the rate of forma­
tion of new employment opportunities and the relative proportion of 
skilled and professional residents, accentuating the problem.
In the model the accumulation of unskilled in the urban area 
is caused by unskilled in-migration, which continues as long as the 
urban area is more "attractive" than the surrounding environment 
(the rest of the country); The "relative attractiveness" of the 
urban area for unskilled in-migration is, in turn, modeled aa the 
product of a number of factors, of which the most important are the 
availability of unskilled jobs and the availability of low cost 
housing. For example, when the city has only 3/4 as many "under­
employed" persons as the available low cost housing would shelter, 
in-migration is 70% above "normal", but existence of only 3/4 as 
many underemployed workers as unskilled Jobs leads to only a 60% 
increase in in-migration. Forrester emphasises the interdependence 
of these factors: (1 , page 118)
"...the city is powerless to change its 
composite total attractiveness...Some 
attractiveness components can be improved 
if others are simultaneously made less 
attractive so that the composite remains 
the same."
* Associate Professor, Dept, of Engineering Management, University of Mo. - Kolia
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Forrester then employs his model to simulate a variety of con­
ventional programs for urban improvement. Construction of new low 
cost housing, the program most important to this symposium, increases 
one factor governing unski lied in-migration, so that other factors, 
(especially the unemployment rate) must worsen according to the above 
"attractiveness" logic before equilibrium returns. Conversely, 
Forrester tests in his model a program of "slum housing demolition", 
in which deteriorated housing is removed without replacement in a 
continuing program so that the supply of low cost housing is main­
tained below demand. As the attractiveness of the urban area for 
unskilled in-migration due to lack of housing availability decreases, 
other factors (employment opportunity, enterprise formation, tax 
levels, and opportunity for upward socio-economic mobility) improve, 
and the simulated city returns to economic health. Accordingly, 
Forrester reconmends the continuing demolition of low-cost housing, 
rather than its construction,as a major solution to urban ills.
During an analysis of the Forrester Urban Dynamics model as 
part of my PhD dissertation3, 1 identified a variety of inadequacies 
in model constants and relationships. One of the most critical 
factors is the importance he assigns to the adequacy of the housing 
supply as a determinant of unskilled in-migration. Although he 
models this factor as even more important than job availability, he 
provides no quantitative justification for this assumption. If 
indeed, it is so important, Forrester's view of low cost housing 
construction as a threat to urban health rather than a benefit may 
have some validity. Accordingly, it seems important to attempt to 
quantify the influence of housing availability on migration.
Some semi-quantitative information on the influence of housing 
availability may be found in the literature. In a study of British 
workers, for example, Amelia Harris1* found that some 46% of these 
workers would consider moving if they lost their present Jobs. These 
potential never8 (1,756 men, 259 women) cited without prompting the 
following factors among those that would have to be "satisfactory" 
before moving:
Factor Men Women Both Sexes
Housing 81.6% 73.0% 80.5%
Pay/promotion prospects 62.5% 56.8% 61.7%
Security of Job 39.9% 25.5% 38.1%
Amenable surroundings 16.9% 18.9% 17.2%
Good schools 16.0% 5 M 14.6%
When prompted, 95% of these potential out-migrants thought
housing important.
On the other hand,.Foote reports (5, page 153):
"Among a randomly selected sample of in-migrants 
to Kalamazoo, Michigan, 57 percent of the reasons 
given for moving were related to economic or job 
considerations.. .Only 4 percent were related to 
housing."
In the Guayana region of Venezuela the government made low cost 
"Vivienda Rurale" homes available, hoping to stem the flow of people 
to urban alums. Cottlngham and Gas par is found this had little effect
on migration to nearby Cuidad Guayana. They reported (6, page 50)
"The overwhelming motive voiced for migration 
is to improve one's Job and income situation in 
general, rather than housing in particular."
In one of the most thorough analyses available, appropriately 
entitled Housing and Labour Mobility. Cullingworth attests to deter­
mine the effect of housing availability on European labor migration. 
Cullingworth begins optimistically by stating, (7, page 7):
"...the satisfaction of the housing requirements 
of the people who move is essential to the appro­
priate balance between manpower resources and the 
demand for workers. The rate of mobility of 
people is considerably influenced by the absence 
or presence of appropriate housing at the places 
with job vacancies, and the supply of such bous­
ing is therefore critical to the realization of 
a nation's economic goals...”
but his final paragraph closes with a considerably more cautious 
conclusions, (7, page 73):
"Finally, it needs to be reiterated that bousing 
is only one factor in labour mobility and it is a 
fact that even in the expanding employment areas 
with acute housing shortages there is a consider­
able inward migration of labour. Further, it is 
an open question as to how far a significant in­
crease in the provision of bousing for migrant 
workers would result in a significant increase 
in labour mobility. Certainly it should not be 
thought that housing on its own is sufficient.
There is a wide range of related public and social 
services which need to be provided as well as 
'housing'."
Routh views both bousing and job availability as enabling factors 
rather than as prime motivators for migration. He concludes,
(8, pages 1U2-3):
".. .we look for mobility in man in his role as 
manpower and are surprised when he breaks the 
rules laid down for the behaviour of economic 
man. The truth seems to be that, though m«n 
sometimes moves in his role of economic man, 
more generally it is in his role of husband or 
father, a son returning to his family or es­
caping from his mother-in-law, or obeying one 
or more of the multitude of conscious or un­
conscious urges that make up human motivation.
"And yet it might be objected, in the 
aggregate migration does play an economic 
role; manpower does move from depressed to 
developing areas. The figures clearly show 
that this is so, however difficult it may be 
to catch him in the act.
"For this, I present the following hy­
pothesis. At any moment there are a large 
number of people who would rather be some­
where other than where they are. Their de­
sires may fix themselves on a certain area or 
sort of area. They would like to live at the 
sea or in the mountains or near a river; in a 
big town or a small one; near or far from rela­
tives or friends; in some ancestral country and 
so on and so forth. But there are two over­
riding necessities before effect can be given to 
these desires: a suitable job and a suitable 
house in the area of choice. If these two re­
straints did not operate, movement of course 
wiuld be even freer than it is; but they per­
form a function, as it were, of a national 
sorting machine. While there are people who 
would like to move in any direction one Blight 
like to suggest, the possibility of movement 
will be greatest to those areas where avail­
able jobs are increasing and new houses are 
being built. As a result of a probability 
process, migration is then strongest towards 
areas of economic development, while those who 
wish to move in the opposite direction will 
have to wait longer before their opportunity 
occurs."
In suBmarlzing the findings of these authors, we do find that 
the qualitative conclusion that a substantial inadequacy in the 
supply of low cost housing can act as a deterrent to in-migration 
of the unskilled. Indeed, the practices of our American
suburbs which effectively exclude new low cost housing provide a 
current and controversial confirmation of this thesis. On the other 
hand, we find little evidence that a deliberate program of improve­
ment of the quality and quantity of low cost housing will induce 
substantial changes in aiigration patterns, even from authors (Culling' 
worth^, CottIngham and Gasparis^) who have consciously looked for 
such a relationship. (The suburban case, where existing low cost 
housing is almost coaqpletely lacking, w>uld be expected to provide 
an exception to this observation.)
Some caution should be observed in drawing too many conclusions 
for American cities from observations made of European migrants and 
Venezuelan poor, since cultural differences may lead to error.
Perhaps the most quantitative evidence drawn from American data is 
the negative evidence of analysts whs have obtained good correlation 
of migration rates between urban areas without consideration of 
housing availability. Examples are the correlation of migration 
rates against employment levels by In wry (9, page 55) and Bramhall 
(10, page 150) and against unemployment levels and median labor 
income by Majek (11, page 103).
Returning to the Forrester model, we find a basic assumption 
in model construction is that an excess of low cost housing supply 
over demand acts as a powerful magnet in drawing disproportionate 
numbers of unskilled persons into the city. It is this assumption, 
expressed in model relationships, that causes Forrester to conclude 
that low cost housing construction programs are a threat to urban 
economic health. After analysis of the urban literature, I conclude 
that this assumption is unjustified, and that Forrester's conclusion 
deriving from it cannot be considered valid.
Forrester's model1 contains one more isgportant flaw regarding 
low cost housing. In simulating an increase in low cost bousing 
construction in the urban area represented by his model, he assumes 
that conditions in the surrounding enviromnent (which includes all 
other urban areas) remain unchanged. But more and more of our 
migration patterns are between cities, rather than from our decreas­
ing rural population to urban areas. If we assume instead that low 
cost bousing is being improved at about the same rate in most cities, 
his simulation loses even further validity.
In conclusion, it would appear that the supply of low cost 
housing acts only as a deterrent to migration of the unskilled 
when it is in substantial undersupply. No convincing evidence exists 
to support the thesis that an excess supply of low cost housing 
can have a damaging effect on urban economic health through 
in-migration effects. It would seem, therefore, that we may safely 
ignore this consideration in our analysis of low cost bousing 
programs.
m
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I. 1. Uttin|*
The American public and, unfortunately, thorn in planning and policy­
making positions have given little attention to recent developments in hous­
ing technology. In spite of rather wide-spread disapproval of the monotony 
of much pre-fabrlcated housing, the potentials of housing technology are not 
understood and the industry continues to be treated as a handicraft Industry.
In this vacuous situation it is becoming increasingly apparent that the 
efforts to provide adequate housing to low-income families are falling short 
of needs in the United States.
Traditionally, lew-income families have found housing either in "shanty 
towns" or in neighborhoods having undergone several rounds of filtering.
Though filtering may reduce the mortgage payment of a unit, heat and utili­
ties would be at least as high as before and maintenance costs on the aging 
structure would surely be higher. One might, then, question arguments such 
as those of Welfeld for the accelerated rates of turnover of older proper­
ties as the primary source of low-cost housing.1 In recent decades, with 
greater weight given to social consciousness in political decision-making, 
there have been attempts to provide new housing for the poor. Neither 
process has provided adequate solutions.
Local govem smnts have typically been quite ineffective in maintaining 
minimum housing standards in the filtering process and have Incorporated little 
of the potential of technology in meeting the housing needs of low-income families 
"Operation Breakthrough" hat been the subject of much optimistic journalism and 
may eventually present some convincing arguments through cost reductions to the 
industry and to local governments for the Inclusion of more technological advances 
in local housing programs. Experience to date indicates that there are conditions 
which must be met before potential benefits of low-cost housing technology can
be realised. These conditions far exceed the current assignment of space for 
trailer parks" with which many communities condescendingly accept "housing 
technology."
While it is currently popular to derisively describe the traditional 
construction Industry as medieval or archaic and to ascribe this sad state of 
affairs to the lntranslgeance of unions, the Inflexibility of building codes, or 
the inertia of the lnduatry generally, the present organisation and character of 
the residential construction industry is a response to attributes of the social 
and economic nature of the nation which are too deeply rooted to be explained 
•Imply by the inertia of unions, codes, and Industry. On the contrary, it can 
be shown that the residential construction Industry has necessarily exhibited a 
rather high degree of responsiveness to the social and economic determinants of 
effective demand. These observations on the construction Industry can be sure 
clearly seen if the question of housing supply is approached, not solely as a 
technical problem la production, but also as an organisational problem which is 
determined by exogenous and endogenous objectives and constraints.
*M. Arch., Ph.D. candidate. University of WiscoMln
**Ph.D., Assistant Professor, University of Missouri - St. Louis
Mrving ■. Velfed, "Toward a law Pedaral Nousins Poller." The Pi*llc Interest, Bo. 19, Spring 1970, p. 31. fsrttY
and X. S. Miller** *
Characteristics of Housing Demand
If it is accepted that the primary objective of the Industry is the 
satisfaction of exogenously generated desund,2 *4then the specific attributes of 
that demand will circumscribe a number of possible industrial structures which 
would be capable of meeting that demand. This number can be either large or 
small depending on the particular demand characteristics.
Looking specifically at the demand for non-farm housing, a number of 
characteristics are apparent:
The types of units demanded cover a variety of substantially different 
unit-types. In addition to the general categories of single family, townhouse, 
imp- three- and four-plex, garden apartment, and high-rise apartment, different 
clients insist on substantially different products within each of these classifi­
cations. Approximately 60 percent of all units constructed In the United States 
are constructed on a contract basis for a purchaser.2
The diversity introduced by differences in unit-types and in clients is 
compounded by the fact that these units are constructed in different locales, 
and, therefore, are subject to significantly different building regulations. 
Documentations of the needless diversity of building codes are abundant;^*6 
however, the National Commission on Urban Problems has estimated the cost of 
meeting all excessive6 code requirements in nineteen counties and six cities in 
the states of Georgia, Maryland, Kentucky, North Carolina, Virginia, and Ohio 
(the marketing area of one manufacturer) to be $2,492 per house.7 8
The total demand for new additions to the housing stock is subject to 
wide fluctuations. Housing is a durable good. As with most durable goods, at 
any particular moment in time, almost all of the supply of available units will 
be provided by the existing stock. The demand for new additions to stock will be 
significantly Influenced by the degree to which the existing supply satisfies 
total demand. If, due to population growth or increases in real, permanent, or 
apparent Income, total demand exceeds the amount which can be supplied from the 
existing stock, a demand for new construction will exist.®
When social and economic conditions change and when these changes are 
manifested by a change in effective demand for housing, the bulk of the Impact 
will be felt in the demand for new additions to stock. While the number of units
*The argument that demand is at least partially endogenously determined, 
which is true for many industries in the U.S., is not persuasive for the resi­
dential construction Industry. While it is not being asserted that demand is 
wholly the function of external factors, literature from within the industry 
indicates both the primacy of external factors and the inability of the Industry 
to exert appreciable internal control over demand. See, for example "Are You 
Selling a Bouse —  or an Investment" House and Home. November, 1965, pp. 92-102; 
"Marketing" House and Home. May, 1965, pp. 74-106; and "Who Buys the House and 
Why," House and Home. November, 1967, pp. 82-85.
^The President's Committee on Urban Housing, A Decent Home (Washington,D.C.: Government Printing Office, 1969), p. 151
4Advisory Commission on Intergovernmental Relations, Building Codes:
A Program for Intergovernmental Reform (Washington: Government Printing Office, 
1966), p. 63.
^President's Committee on Urban Housing, A Decent.Hdme. p. 199.
6Lxcesaive being defined as exceeding model codes or FHA requirements.a
^National Commission on Urban Problems, Building the American City. 
(Washington, D.C.: Government Printing Office, 1969), pp. 262-263.
8Not all demand for new additions to stock is a residual of the amount 
of housing units which can be supplied by the existing stock. A snail portion 
of the demand for aaw units exists Independent of the existing stock. For a 
more detailed discussion see Richard F. Muth, "The Demand for Non-Farm Housing,” 
in Arnold Harberger, ed., The Demand for Durable Goods (Chicago: University of 
Chicago Press, I960), pp. 24-96.
194
In Che existing stock which sre svsllsble for ssle or rent will be somewhat 
responsive to changes in social and economic conditions, in the short run the 
aost visible and probably most accentuated response will be in housing starts.
The volune of each unit-type densnded shifts over a wide range. Aggre­
gating annual data on housing starts for the period 1951-1969 to only two najor 
unit-types still discloses substantial variation both within these unit-types snd 
for the Industry as a whole, (Table 1). While population growth over the sane 
period would suggeat that the industry would have been faced with continually 
increasing demand, effective demand clearly contracted in the years 1951, 1956, 
and 1966 for the industry as a whole.
TABLE 1 - UNITED STATES NON-FARM HOUSING STARTS. 1951-1969
Non-Farm Z Change Single Z Change Multiple Z Change
Housing from Prev- Family from Prev- Family from Prev-
Year Starts lous Year Starts lous Year Starts lous Year
1951 980,000 - 2 5 . 1 9 892,000 - 2 2 . 5 0 88,000 - 4 4 .  6 5
1952 1,023,000 + 4.39 939,000 + 5.27 84,000 -  4 .5 4
1953 1,027,000 + 0.39 933,000 + 0.64 94,000 +11.90
1954 1,167,000 +13.63 1,077,000 +15.43 90,000 - 4 .2 5
1955 1,277,000 + 9.42 1,190,000 +10.49 87,000 -  3 .3 3
1956 1,063,000 - 1 6 . 7 5 981,000 - 1 7 .  56 82,000 -  5 .7 4
1957 960,000 -  9 .6 8 840,000 - 1 4 .3 7 120,000 +58.54
1958 1,103,000 +14.90 933,000 +11.07 170,000 +41.67
1959 1,294,000 +17.32 1,079,000 +15.65 215,000 +26.47
1960 1,209,000 - 6 . 3 3 995,000 - 7 .7 8 214,000 - 0 .4 7
1961 1,270,000 + 5.05 975,000 -  2 .0 1 295,000 +37.85
1962 1,414,000 +11.33 992,000 + 1.74 422,000 +43.05
1963 1,488,000 + 5.23 1,021,000 + 2.92 467,000 +10.66
1964 1,422,000 - 4 .4 3 972,000 - 4 .8 0 450,000 - 3 .6 4
1965 1,386,000 -  2 .5 3 964,000 -  0 .8 2 422,000 -  4 .0 0
1966 1,104,000 - 2 0 . 3 5 779,000 - 1 9 . 1 9 325,000 - 2 2 . 9 8
1967 1,220,000 +10.51 844,000 + 8.34 376,000 - 1 5 .  69
1968 1,427,000 +16.97 900,000 + 6.40 527,000 +40.16
1969 1,378,000 - 3 .4 3 707,000 - 2 1 . 4 4 671,000 +27.32
Source: Compiled from FHA Reports
The total volume of units demanded is an aggregate of the demands in
widely varying geographic sub-areas. While it is convenient to speak of demand
in terms of aggregated national figures for the purpose of roughly defining 
national resource needs and for the purpose of enlisting political support for
national programs, it is misleading in the sense that a national market for 
housing does not exist. Instead of a national market, there are several hundred 
distinct, discrete, local, geographic markets.
Within these distinct local markets, demand will vary quite widely in 
total volume and in the volume of each type demanded. This observation does not 
discount the Importance of factors affecting demand which are national in scope, 
but. Instead points out that local demand is a function of both local and 
national and social and economic conditions and is, therefore, likely to vary 
more widely than if it were a function of only national or local factors.9 *
Within geographic markets the volime of particular unit-types demanded 
shifts over a wide ranxe. Because local markets respond to local as well as to 
national forces, variations from even the erratic national performance of the 
industry will occur. At the local level, a shift in the location of one moderate 
to large employer can cause extreme variation in two local markets which will 
nullify each other in the national data.
Requirements of Industry
These five attributes of demand generate specific requirements which the 
Industry aust be able to meet If It Is to satisfy demand. First, the Industry 
must possess a sufficient array of specialised talents to meet the variety of 
unit-types of demand. This diverse array could be provided In one or a comblna-
9Edward L. Keating, An Examination of the Variations of Housing Supply 
Factors In Madison, Wisconsin, during the Period 1959-1968" (Unpublished paper, 
University of Wisconsin, 1970), p. 59.
tion of two ways: (1) The estsbllshnsnt of a number of permanent organizations, 
each of which would be capable of meeting a particular type of deaund; or (2)
The formation of a pool of all the various required skills which could be drawn 
upon as needed for specific projects.*®
The superiority of either of these methods of organization will be 
determined by the degree to which different types of units demanded differ from 
one another, by the number of each of the different types which are deaumded, and 
by the other requirements which derive from the remaining attributes of demand.
Secondly, the industry aust be highly flexible because the demand for 
housing of all types fluctuates over a wide range of both the national and local 
levels and because demand for particular unit-types fluctuates to an even 
greater extent. Both the ability to expand operations, when demand increases, 
and the ability to contract operations, when demand is either satisfied or with­
drawn, are required.
Colean and Newcomb see this requirement as the generator of the following 
organizational characterisitlcs:
1) Looseness of managerial combinations, to permit rapid regrouping, 
expansion, and contraction.
2) A minimum of fixed capital investment, to keep down fixed charges 
in times of activity.
3) A floating labor force that is not tied to the fortunes of any speci­
fic employer and for whose welfare no specific employer is responsible• *
Thirdly, the industry must be geographically flexible because geographic 
markets exist, because only a few such markets could be combined by a central 
manufacturing facility, and because demand in these local markets is subject to 
extreme fluctuations.
Returning to the two alternative types of organizational structures which 
were circumscribed by the variety of unit-types demanded, it is clear that an 
industry composed of highly specialized, permanent firms which are organized to 
w e t  a particular type of demand would not possess the requisite flexibility to 
minimize financial disruption to the firms in slack periods or to follow demand 
geographically. A permanent organization would be faced with high costs of 
carrying non-productive workers through slack perioda, with the necessity to 
shift workers from one geographical location to another as demand varies between 
localities, and with high carrying costs for the fixed capital investments 
which are normally associated with highly specialized production firms.
Instead, the residential construction industry has formed Itself along 
the lines suggested by the other alternative; that is, a loosely organized pool 
of skills and resources required for production from which can be formed temporary 
organizations for the purpose of constructing individual projects. Four discrete 
but related systems provide the necessary flexibility.
First among these is the general contracting system, which Includes the 
management talent required to combine resources and skills for specific projects. 
By creating temporary relationships with specialty sub-contractors, labor, 
material suppliers, and equipment renters, these firms increase their own ability 
to withstand the previously documented fluctuations in demand. Even so, the 
Industry is characterised by high entrance and exit rates.
Underglrdlng the general contracting system is the sub-contracting 
system which provides part of the specialised skills required by the variety of 
demand while enabling the rapid assembly and dismissal of project-oriented staffs 
required by variations in the unit-type, voliaaa, and location of demand.
10
Miles Colean and Robinson Newcomb, Stabilising Construction (New York: 
McGraw-Hill Book Company, 1952), p. 90.
**Colean and Newcomb, Stabilizing Construction, p. 93.
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Directly supporting the sub-contracting system end thereby indirectly Soae of the arguments frequently advanced for a change In technology are
supporting the general contracting system Is the highly differentiated and mobile 
labor force. The skills of the labor force are employed for only as long as they 
are needed and when they are needed. While the ability to avoid financial disruption 
at the two levels of management is enhanced by this arrangement, there are social 
and economic costs that must be borne by labor. The necessity to follow demand 
geographically is disruptive socially, and the already seasonal nature of con­
struction employment is exacerbated by the transitory nature of employment.
Finally, the interlocked systems bringing management and manpower together 
for specific projects are serviced by a complex network of material distribution. 
Whether manufacturers, wholesalers, jobbers, or distributors, the firms in this 
segment of the industry are responsible for maintaining sufficient inventories 
to meet local demand. In addition, financing is frequently handled by or through 
this component of the industry.
Thus, when the basis of an examination of the traditional construction 
industry is the array of social and economic forces which define the environment 
within which the industry operates, the conclusion is substantially different from 
the conclusion reached if the basis were a more limited view of technical feasi­
bility. The industry has responded to this environment by avoiding many of the 
pitfalls of a diverse and volatile demand and, at the same time, has managed to 
satisfy much of that demand.
Desirability of Technological Change
Consideration of the desirability of changes in the levels of technology 
for the industry, or for segments of the industry, should be subjected to three 
lines of questioning. First, why is such a change desirable, i.e., what goals would 
such a change seek to satisfy? Second, against the background of the industry as 
depicted, what changes in the environment of the industry would be necessary to sup­
port a change in technology? Third, what internal and external effects might be 
reasonably expected to be associated with a change in either the environment or the 
technology?
Why is change desirable? There is a prevailing attitude in this country
which suggests that because a particular thing becomes technically feasible it is,
12a priori, not only necessary but desirable. This attitude has manifested itself 
in moon trips, nuclear weapons, super-sonic airplanes, and home gadgets. While 
there are exceptions to this observation,13 * the prevailing attitude leads 
directly from feasibility to production.
Rather than accept this proposition, which, if the stock market is any 
indication, many already have accepted,1* the question "What is desired from a 
change in technology?" should be asked.13 There should be some very definite 
improvement in the ability to satisfy the goals associated with housing and 
specifically to make more housing units available at a lower cost. Hopefully 
there should be some secondary and tertiary benefits to other goals of society.
12Hasan Osbekhan, "The Triumph of Technology: 'Can* Implies 'Ought,'" 
(Santa Monica, California: System Development Corporation), p. 7. As cited in 
Erich Fromm, The Revolution of Hope: Toward a Humanised Technology (New York: 
Harper and Row, 1968), p. 34.
13The exceptions occur primarily when established economic Interests 
would suffer from the introduction of a new technology, such as 40 M.P.G. 
carburetors or pollution free engines.
14,It is instructive to trace the increases In prices of housing and 
housing related stocks over the past two years. An inflated price, much of 
which has since disappeared, was attributed to these stocks partially because 
it was popularly thought that a shift to a new technology was imminent.
Actually the primary question revolves around the broader Issue of 
human needs with respect to housing. The question raised here is but a part 
of this broader framework. Because the focus of the discussion is the 
relationship between housing technology and social and economic goals and 
conditions, the broader Issue la not treated.
that It would Increase the speed with which buildings could be built, that it 
would expand the productive capacity of the Industry as a whole, and that it 
would make more efficient use of labor resources.16
To the extent that the "housing problem" is a problem in production,17 189*2
Increases in the speed with which buildings can be constructed and consequent 
increases in the productive capacity of the industry would contribute to the 
achievement of this goal.
The third factor, increased labor efficiency, is dual-sided. While 
reduction of the Increasingly expensive labor component in housing may contribute 
to reducing the cost of housing (if the capital which replaces labor is less 
expensive), elimination of construction jobs may not be desirable from a social 
point of view. Internal efficiency should not be a goal in and of itself. Only 
if that efficiency contributes to broader goals, is it reasonable to build a case 
for increased efficiency. In this case, where there are both benefits and dis- 
benefits, a careful analysis of each of these attributes is mandatory.
For those employees who would remain in the residential construction 
industry, working conditions and annual income should improve.16 For those 
employees who are forced out of the industry, particularly those older employees, 
there is a much bleaker prospect. Care must be taken not to repeat the techno­
logical revolution that was sponsored in agriculture and had the effect of strand­
ing some of the very people it intended to help.
Generally, the primary argument for a change in the technology of hous­
ing is that it would reduce costs. However, there are conflicting reports on the 
19 20validity of these claims. ’ Assuming that these claims are true, the magnitude 
of the contribution of even the most ambitious claims to the national housing 
goals may have been over-emphasised. If former Assistant Secretary of the De­
partment of Housing and Urban Development H. Ralph Taylor's estimate that each 
$100 reduction in the cost of housing expands effective demand by 15,000 families7  ^
is correct, then a 25 percent reduction in the cost of a $17,500 house would ex­
pand demand by only about 600,000 families. While this is not an insubstantial 
number, it is clear that the national need of 10.8 million families77 would not 
be appreciably diminished. If the reductions in costs are less than 25 percent, 
then, of course, the number of families which would be brought into the effective 
demand category would be even less. The Inescapable conclusion remains: that 
a substantial change in the volume of housing need will not be accomplished 
within the target decade without a marked increase in the subsidy devoted to 
housing.
Department of Housing and Urban Development, Division of International 
Affairs, Industrialised Building - A Comparative Analysis of European Experience
(Washington: Department of Housing and Urban Development, 1968), pp. 74-81.
l^ The national housing goals indicate that two-thirds of the subsidized
units required to satisfy need would have to be new units. The remaining one-
third would be rehabilitated units.
18These conclusions assume that the parasitic pattern of the mobile 
home Industry will not be allowed to develop and that many employees in the 
Industry will remain in the Industry.
19Conversations with Dr. William Chan, Director of the National B u ild in g  
Agency, London, England, in Blacksburg, Virginia, in 1969 indicated that costs 
for industrialised buildings ran from the same to five percent above those of 
traditional construction.
^Department of Houslna and Urban Development. Industrialized Housins.
p. 123.
21Neal Mitchell, Testimony before the National Commission on Urban 
Problems, Detroit, Michigan, September 27, 1967, in Hearings before the National 
Coemission on Urban Problems. Volume 5 (Washington, D. C: Government Printing 
Office, 1968), p. 150.
2ZPrank S. Kristoff, Urban Housing Needs Through the 1980's: An Analysis 
and Projection, National Commission on Urban Problems Research Report No. 10, 
(Washington, D. C: Government P-lntlng Office, 1968), p. 6 .196
To summarize the anticipated benefits from a change In housing technology first, particularly when the economy is at full smployoent and commercial and
the primary benefit appears to be an Increase in the capacity to produce housing, heavy construction are active. Nevertheless, an excess of manpwer to jobs still
while secondary benefits Include improved working conditions and income for a exists, at least nationally, for thia aector.
segment of the labor force and, possibly, a reduction in the cost of housing or Increased labor efficiency through advanced technology may seem to dimin-
an increase In the quality of housing without a corresponding increase in cost. ish in importance when the relatively low skill levels required by many jobs in
How is chanfte accomplished? The previous descrintion of the structure construction are paired with minority group demands for access to the jobs which
and organization of the industry as being primarily a response to characteristics sre available.
of the demand for housing suggests that in order to alter the technology of the As was previously mentioned, a greater degree of industrialization in
industry, some modifications in the nature of demand are required. There are housing holds the promise of a number of benefits for labor: steady employment
a number of possibilities. instead of the now predominant seasonal and geographic fluctuations, better
First, there is conflict between the currently operational methods in working conditions, better pension plans through coverage by a smaller number
implementing national economic and housing goals. The reliance of government of jurisdictions, and hopefully, improved safety precautions and accident pre-
on monetary policy to attempt to secure continued economic growth, coupled with vention programs.
the countercyclical nature of the housing industry, has contributed to the However, the shift from a labor intensive to a capital intensive pro-
severe declines in demand and production noted in Table 1. Elimination of this duction process, which is implied by most of the current proposals for new tech-
conflict by either employing another method such as wage and price controls or nology, would limit these benefits to a smaller number of workers than are pres-
by exempting housing from the full effects of monetary policy, as the Federal ently employed in residential construction.
Reserve and the Horae Loan Bank have moved to do recently to combat inflation, The decision by government to pursue a change in the level of industri-
would appear to support the attainment of both goals simultaneously. While alization of housing, which has prompted much of the current interest in the
these alterations may tend to stabilize effective demand nationally, some pre- subject, has to be evaluated in light of the prospects for jobs which will re-
liminary research suggests that variability of local demand may not be substan- place the ones eliminated by the change. It is doubtful that such an evaluation
tially reduced. has yet been made.
Interestingly, there appears to be a relationship between the size of 
the producer and the degree of demand instability at the local level. It is
The Future of Housing Technology
hypothesized that the producers of large numbers of units within a single market
If, as asserted in this paper, the housing industry is characterized by
respond to an increase in demand by building rapidly, each producer hoping to fill
a rather high level of response to demand, then it seems reasonable to expect
his individual projects before excess demand is depleted. Frequently, this in-
changes in the supply of low-cost housing to be brought about through changes
tensive period of activity closes with a substantial amount of excess supply as
in those factors which determine demand. Some of these changes will require
the final few large producers overshoot demand. Thus, the scale of the producer
governmental adjustments at a national level. Others can be provided through
appears to determine the degree to which demand is exceeded and, in the case of
large scale producers, considerable demand instability is introduced by the
At this point it seems certain that some builders are already finding
supply saturation which takes place at the end of a period of increased produc-
type of residential construction. The more important question is, "Can this
tivity. If this hypothesis proves to be correct, it does not augur well for the approach be used to provide housing for poor families?" If this question is to
future of technological change in the housing industry without a change in the be answered affirmatively, there must be a very large increase in the scale of
attributes of demand. Only if a producer is large enough to penetrate a number 
of diverse local markets will he be able to protect himself from the volatility
operations. The aggregation of demand referred to above implies a public respon-
he may introduce into each market.
sibility especially in the exercise of the power of eminent domain in the assembly
A final way to modify some of the attributes of demand, and a potentially
of large scale construction sites. Further, it will be a public responsibility
more effective one, is to aggregate that portion of the most easily controlled
demand, that which emanates from the public sector, and channel these large
of exclusionary zoning practices and the rationalization of building codes.
In view of the limitations on the cost reductions possible, one might
volumes to producers who were changing, had changed, or had Introduced new 
technology. With a guaranteed minimum demand, producers would be in a much bet-
be prompted to ask, ''In reality, la there such a thing as 'l» Cost Housing'?"
The Industry is capable of making cost reductions, but the provision of standard
ter position to make the kinds of investments which are required to change or 
introduce new technologies.
housing to poor families alto will require that the problem be approached from
What are the secondary effecte of changes in the market or in technology? 
One of the major secondary effects, previously noted, will be the consequences 
of changes in technology for the current end future labor supply. Presently,
more than five million workers fill a yearly average of 3.2 million Jobe in the 
23construction industry. Residential construction stands at the and of the line 
for construction manpower, and, conaequently, shortages tend to appear there
the other aide through Increased governmental subsidies.
23John T. Dunlop and D. Quinn Mills, Manpower and Construction: A 
Profile of the Industry and Projsctlons to 1975," in President's Cossiittss on 
Urban Housing. Technical Studies. Vol. II (Washington. D. C: Government Printing 
Office, 1968), p. 281.
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A PLACE IN THE SUN 
By
Arthur Monsey*
What interest does the minority groups in America have 
in low cost housing? One answer is "renting or purchasing 
a dwelling that at least meets the minimum housing standards 
of some building code." But, is this the only answer to 
this question? No! Other interest are being developed in 
the minority population such as entrepreneurship, general 
contracting, subcontracting, management, sales, etc., etc.
These pursuits have often been called "black capitalishm", 
and will be referred to in this paper as "minority economic 
power".
One might ask, "Is this a problem and if it is, why should 
I be concerned with it?" Though it is beyond the scope of this 
presentation to analyse human philosophies and mores, one 
must recognize that a problem such as this goes far beyond 
the mere development of a construction program.
Yes, there is a problem. The minority participation, 
in top management, self-contained businesses, luge or small, 
is at this time menial. Most minority groups recognize this 
fact and want a piece of the action. Why this lack of minority 
economic power? Simply stated the general development of the 
white and non-white groups in America is responsible . Dis­
crimination in the various professional schools and organi­
zations, the economic climate of minority groups, is changing 
but very slowly. Atitudes are also being altered but this 
too is a slow process. "So I've made mine, now you make 
yours, I'll let you." This seems to be the present policy.
But is this a rational policy. Engineers who have dealt 
with stress and strain know very well what occurs when a 
strain caused by a stress exceeds the physical limits of a 
m*t«Yi*l* Failure of a system occurs. The stresses that 
the minority groups are developing have caused strains on 
the system or better stated, the "establishment". In struct­
ural analysis high stresses are handled by more resistance 
or stress relief. The resistance to block economic develop­
ment is no longer tolerated by any thoughtful person. Stress 
relief by the white community seems to offer hope. Should the 
white community help their non-white bretheran because of a 
9 ^ ^  complex? If this is a reason that some wish to use, okay. 
A more pragmatic reason to change the minorities status quo may 
be because it's good business and perhaps a more important rea­
son is the attaining of a higher level of human development 
that of aiding another human being because it is important to do 
so.
The basic problems of minority economic power are really 
not too different from the problems a white American faces when 
he wishes to start a business of his own. These problems will 
consist of:
1. Financing 2. Experience « Competence 3. Markets
*President, Monsey, Feager Engineers ( Constructors, Ltd.
Maryland Heights, Missouri
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1. ) In the course of developing a housing project, money is 
needed. This is a fact of life whether the developer be black 
or white. Basically, the financing for projects require equity 
capital, mortgage capital, and construction capital.. The most 
successful developer can have problems in this area. For a 
minority entrepreneur, who wishes to try this economic venture, 
it sometimes appears that money for him is unreachable. He
has no track record, nor do most of his friends or acquaintances. 
In fact, one must readily admit that he hasn't been in the race.
To overcome this situation, risk equity capital must be made 
evailable to those groups of minority developers who can show 
at least an organization of some conpetance and that a plan 
of some dimension has been studied in detail. Joint ventures 
between minority groups with groups more experience and finances 
is also a possibility. Partnerships initiated by whites seeking 
minority interest should not be overlooked. It might be of in­
terest to know that certain projects catering black groups are 
just waiting to be developed. If this suggests a white group 
exploiting a black group for this particular entreprise, it 
might very well be. However, both groups in this instance will 
benefit. As these projects begin to show success, the minority 
groups will then have a track record. In time they will be on 
their own.
2. ) The problems of mortgage funds is not too different from 
equity capital. In brief, lending institutions must change 
the parameters by which funds are loaned. No doubt there will 
be losses. However, if the minority groups study their projects 
intensively and organize themselves with proper personnel,
it may be quite possible the rate of failure will not be much 
different than it is now.
3. ) Construction funds at this time are most difficult to 
obtain for everyone. As this situation eases, it is reasonable 
to expect that banks will appropriate funds for projects develop­
ed by minority groups that have obtained equity capital, and 
mortgage money. This might suggest that minority groups start 
banks for this purpose.
4. ) Experience and constancy from minority groups in developing 
designing, and building housing projects is just about nil.
One might ask if anyone would be willing to invest funds in a 
minority initiated venture if sow people of conpetance and 
experience are available for leadership? Me know such people 
•Ye in a short supply. In addition, developers, general con­
tractors, subcontractors, are not made over night. Any developer 
or contractor will say, "Hell, it's taken me twenty years to learn 
my profession, so hew can this black fellcw expect to get into the 
act in two weeks.” This is a point where well-meaning white 
majorities and positively motivated black lock horns. It is the 
author's opinion that this situation required ingenious and albeit 
compassionate solutions from the white community and patience 
and persistance on the part of the minority groups. Engineers,
architects, and contractors must assist minority groups in develop­
ing leaders. This can be done and is being done within local 
groups. The author has found a one to one relationship product­
ive. In brief, take on the responsibility of personally training 
a contractor, subcontractor, developer, engineer, etc. By 
various techniques and relationship and education, the time to 
obtain some degree of competance can be compressed. Any 
engineer, developer, or builder who has experienced some 
success can, with some thought, provide some ideas on what made 
his work acceptable. By eliminating some of the time wasting 
elements of developing competance, (valuable as some of those 
experiences may be), an accelarated growth can be made. As an 
example: very many deprived people, because of dropping out
of their educational process or because of receiving an inferior 
one, have not learned simple arithmetic. In brief, they can­
not add, subtract, multiply, or manipulate decimal points with 
any degree of proficiency. Electronic calculators available 
today do those processes accurately and rapidly as long as the 
numbers used are correct. So why spend time on learning arith­
metic when a machine can do it? Yes, a "feel" of the numbers 
being used must be understood. It has been the writer’s exper­
ience that this program, as simple as it may sound, has worked.
Other techniques of education must similarly be reviewed and 
tried.
Experience in developing minority companies by various 
groups have developed some interesting points and guide lines.
(1) In some instances well motivated white companies offered
a minority group wishing to start a company the use of some experts. 
Unfortunately the experts did not have competance and the result 
was that the so called experts added to the problems rather than 
help solving them.
(2) "Overkill" has also been experienced. A  black group 
wishes to manufacture some item. Through local organizations 
a large very compentent white corporation offers not only some 
capital but technical assistance as well. Unfortunately, the
technical assistance from the large corporation is much to 
sophisticated to deal with the much simpler problems of the 
embryonic company and the result is negative.
(3) The "diplomat" problem has also been experienced. This 
situation arises when a man from a corporation that really 
wishes to assist minority entrepaneurs is sent to the black 
company because his personality is such that he can get along 
with blacks. Unfortunately, he doesn't know the problem of 
developing a business. It is quite possible that the black 
company would prefer a segragationist who could get this company 
going.
(4) Where competent personnel were sent to black companies and 
the environment of give and take was well understood, many 
instances rapid development have occured.
The question has been raised, "as minority economic power 
increases, won’t this lead to polarization? Blacks for black, 
whites for white?" Perhaps as a few developments and developers 
begin to show some success, this will occur. As some of these 
people begin to "feel their oats", it's logical to expect this 
to happen. The author has had such an experience. However, in 
time as more people participate and degree of security is felt, 
it seems reasonable to assume that basis for success will be 
imagination and competance not color.
Food, clothing, and shelter are some of the basic elements 
of civilized man. Aside from the fact that the rest of the world 
that does not have adequate shelter, this country is pitifully 
short of adequate housing for millions of its citizens. The 
problems of developing housing for not only low income, but medium 
and even high income are far reaching. Influences of and on the 
economy and ecology can no longer be neglected. We have but 
scratched the surface of what can be done in environmental control. 
It will take all here at this conference to do so plus a few of 
those who are not here and who have a great deal to contribute 
if given a chance. We need them now.
1M
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INTRODUCTION
The national Housing Act of 1949 promised a decant hone for every American.
In spite of substantial progress In housing construction, this goal has not 
been net, with a particular continuing need occurring la the area of housing 
for law Income families. Both before and since the passage of the Housing 
Act of 1949, significant attention has been focused on new techniques and 
systems for Industrialising the housing Industry. Prefsbrlcatlon and nod­
ular lsatlon to various degrees have been attempted In the past and will, un­
doubtedly, be continued in the future. Systems have been introduced with 
great fanfare and promotion. Many of these have been dismal failures. Tew 
could really be called significant breakthroughs. In spite of all this In­
vestment in tine and effort, the great majority of housing built in the 
United States today still is built in the age-old conventional manner, stick 
by stick, using on-site labor.
At the present time, we are witnessing the introduction of e new Federal 
Program, ’’Operation Breakthrough,” in a further attempt to resolve this 
parennlal problem. Operation Breakthrough promises new industrialised sys­
tems and techniques and only time will tell how successful they will be. Be­
fore making any judgment on the possible success of "Operation Breakthrough," 
an inquiry could be made into the cause of past failures.
Many proposed solutions for low cost housing fail to take into consideration 
the real costs Involved in creating housing. In the search for s imp Is 
solutions, the basic facts of life of housing costs have been Ignored.
Simple solutions to the problem of reducing the cost of housing are doomed 
to failure because the elements which go to make up the cost of housing 
arc not only not simple, they ere also myriad. A detailed analysis of pro­
posed solutions in the light of known cost factors will often show the ob­
vious futility of proposed systmss. This kind of hard facts analysis is 
often avoided in lieu of ballyhoo and proamtion. The primary purpose of 
this paper will not be to arrive at any specific conclusions regarding pro­
posed housing systems but, rather, to develop some cost factors by which 
these systems can be reviewed.
The author is a professional housing developer who has constructed and sin- 
aged more than 3,000 housing units in several different states and overseas 
during the past 10 years. The information provided In this paper are actual 
cost figures developed from recently constructed projects. The housing used 
primarily for reference in this paper consists of rental garden apartments. 
This type of development is particularly pertinent to the problaam of hous­
ing low income families because It Is the least expensive conventional 
housing system, and, also, since the majority of low Income families will, 
at the present time, be unabla to afford home ownership. However, irrespec­
tive of the type of housing considered, the basic cost permeeters and prin­
ciples outlined in this study would be applicable.
As a first step in our analysis, let us establish some basic definitions of 
the elements which make up housing costs. A substantial portion of the at­
tention in this area has been focused on the costs of constructing the
•partner, Lincoln Property Company, St. Louis, Missouri
housing structure or building. Let us define "Building Cost” as the cost 
of creating at the residence site the structure or building which comprises 
the housing system.
The creation of the building Itself does not at all provide a functional 
entity for use as a residence. The building must sit on land, be serviced 
by utilities, and be marketed or delivered to the ultimate user. Let us 
define as "Development Cost” the total cost, including building cost, plus 
all other necessary facilities to create a housing product ready for use.
In the case of For Sale Housing, the development cost would equal the sales 
pries to the housing consumer.
The selling price of the housing product, however, unlike the case of many 
other products purchased, is not the same as the cost to the consumer of 
obtaining the utility of the product. We will define this as "Shelter 
Cost.” Shelter cost is the total cost on a monthly or annual basis to the 
consumer of the utility of housing. Very few people buy their housing for 
cash. Therefore, the cost of carrying the substantial outstanding note 
must be considered. Real estate taxes, utilities, maintenance, and, in the 
case of rental housing, management all go into the ultimate coat to the 
consumer of shelter.
The recognition and acceptance of these definitions is an important aspect 
of this whole presentation. The term housing cost often is used inter­
changeably to mean building cost, development cost, and/or shelter cost.
From a practical point of view, shelter cost is by far the most critical 
for, by and large, "How much per snath?" is still the determining factor 
in the selection of housing. Though there is a relationship between build­
ing costs, development costs, and shelter costs, it is a tenuous one and not 
as direct as soon might think.
BUILDING COSTS.
Table A  lists cost categorlss and budgets for an actual garden apartment 
building. This building happens to contain twenty 1- and 2-bedroom units 
in a 2%-atory garden apartment building of frame construction. In the first 
colusnt are the actual budget costs. The second colusm shows the percentage 
of the total cost of the building represented by the individual categories.
The third colusm shows an estimated percentage of the cost davoted to on-site 
labor.
There are 34 individual contract items in this building. More or fewer 
categories could be developed. This happens to be the way that our company 
contracts for thesa items in the St. Louis area. All of the categories 
could be further subdivided into sub-elsments of material and labor.
The single largest category, that of lumbar, represents U . 9 X  of the total 
cost of the structure. Included in this category is the material to construct 
one roof system, two floor systems, the exterior perimeter walls for 2-1/2 
stories (the other half perimeter is formed by the basement foundation walls) 
and all of the interior partitions for 20 units. It is obvious from this 
.that no single element in the building system can represent more than a small 
portion of the total cost of the structure.
A major portion of the Innovative construction systems proposed for reducing 
the cost of housing have been involved in the structural elements of the 
building. The items labeled (a) in Table A represent all of those items 
which make up the structural shell of the building and the rooms therein.
The total cost of all these elements represents less than 45X of the total 
building cost. It saist be accepted, therefore, that any proposed structural 
system no matter how revolutionary would be diluted in its effect upon the 
total cost of buildings by the proportion of this element to the total of 
the building cost. The items labeled (c) in Table A are those items which 
represent the finish and the trim. These items cannot be eliminated since 
they represent such items as painting, floor covering, kitchen cabinets, 
interior doors, etc. Cost reductions in this area are often simpler to make 
than in the structural area, however, they have a direct and accentuated 
effect on the liveability of the ultimate product. The categories labeled 
(b) in Table A are generally defined as the mechanicals. This means plumb - 
ing, electrical, heating, and cooling. These individually are quite sub­
stantial items. However unlikely the possibility of finding a method of 
eliminating the exterior walls of a building may be, the possibility of elim­
inating the plumbing is even more unreasonable.
It must also be recognized that prior to adopting any new structural system, 
the effect of this proposed system on the mechanical area must be given 
serious consideration. As an example, several types of proposed structural 
systems would require that the electrical system be installed in metal con­
duit in lieu of nonmetallic sheath cable (Romex). This could easily increase 
the cost of the electrical installation such as to wipe out any benefit 
accomplished by the proposed structural system.
Since so much effort has been and will undoubtedly continue to be directed 
towards the development of a less expensive exterior wall, let us spend a 
minute outlining the existing conventional system which should serve as a
TABLE A
BUILDING COST ELEMENTS
1. Foundation
2. Flat Concrete
3. Termite Control
4. Slab Flaahlng 
3. Lumber
6. Millwork
7. Cabinets
8. Stairs
9. Rough Carpentry Labor
10. Trim Carpentry Labor
11. Lightweight Concrete
12. Wallboard
13. Windows & Glass Doors
14. Mirrors & Medicine Cabinets
15. Miscellaneous Hardware
16. Fixed Glass
17. Structural Steel
18. Masonry
19. OrnasMntal Iron
20. Roofing
21. Plumbing
22. Electrical
23. TV Antenna
24. Heat, Air Condition A Sheetmetal 
23. Insulation
26. Painting
27. Wallpaper
28. Caulking
29. Appliances
30. Ceramic Tile
31. Floor Tile
32. Carpet
33. Draperies
34. Final Clean-up
TOTAL
X OF X ON-SITE
... ffljT , TOTAL LABOR
(a) $ 4,126 2.2 30
(a) 4,700 2.5 50
(a) 172 .1 80
(a) 83 60
(a) 28,050 14.8 0
(c) 4,950 2.6 0
(c) 7,900 4.2 0
(a) 900 .5 0
(s) 19,125 10.1 98
(c) 6,375 3.4 100
(a) 3,000 1.6 50
(a) 10,000 5.3 50
(a) 2,660 1.4 0
(c) 800 .4 0
(c) 1,500 .8 0
(*) 100 - 0
(*) 150 - 0
(•) 4,000 2.1 65
(c) 1,100 .6 20
(•> 2,000 1.1 50
(b> 19,000 10.1 40
(b) 15,100 8.0 45
(b) 500 .3 50
(b) 13,200 7.0 30
(a) 4,500 2.4 50
(c) 6,850 3.6 70
(c) 2,500 1.3 50
(a) 100 - 80
(c) 8,960 4.7 0
(c) 1,500 .8 65
(c) 1,400 .7 50
(c) 11,140 5.9 30
(c) 1,750 .9 10
(c) ____ m — Li ____m
$188,841 99.7 $72,255 
or 38.2X
standard against which all other proposals should be matched. Figure 1 
showa this standard which basically consists of 2 x 4  studs, 16" on center, 
with a 2 x 4 bottom plate and a double 2 x 4  top plate. On the outside, 
this would be sheathed with 5/8ths-inch plywood (3/8ths-lnch plywood could 
be and is used in many parts of the country) and, on the interior, 1/2-lnch 
drywall (3/8tha-lnch drywall could be and is used in many areas). This sys­
tem is unpretentious, undramatic, and totally conventional. Costs in 
St. Louis are approximately $1.00 per square foot, finished and in place.
It is hollow (which simplifies the running of mechanical conduits), struc­
turally strong, and light in weight. It is the author's opinion that if 
all proposed structural wall systems were first measured for performance 
and cost against this conventional system, much time would be saved which 
is otherwise wasted with proposals that have no possibility of ever becom­
ing feasible. The same type of analysis could and should be made for any 
other proposed system whether it be made for floors, roofs, walls, etc.
The major benefit suggested by proposals to industrialize housing is in the 
reduction of on-site labor. The third column in Table A shows an estimate 
of the percentage of the Individual costs which consist of labor. It will 
be noted that approximately 38X of the cost of the building is on-site labor 
(Included in this estimate are subcontractor overhead and profit which would 
be also substantially reduced by factory housing). This certainly puts a 
limit on the potential benefits and these would be further diluted by the 
factors outlined in later paragraphs.
The increase in the efficiency of factory labor and decrease in the hourly 
cost would also be partially compensated for by the cost of transporting 
the finished housing product, the cost of putting it in place, and the over­
head involved in any factory production. Also, there would still remain 
some labor which would have to be performed on site. It is generally ac­
cepted at the present time that there are no significant benefits to build­
ing coats by modularization. There are some benefits which accrue as a 
result of speed of construction and it is anticipated that continued improve­
ments in factory production will at least minimize the excessive escalation 
in building coats which has taken place in the past several years.
FIGURE I
TYPICAL EXTERIOR MALL - FRAME CONSTRUCTION
2 - 2"x4" Plates
5/8" Plywood
Cost - Finished in Place - $1.00/square foot
Thermal Conductivity - U « .28 BTU/Br/Sq Ft/°F (No Insulation)
.069 BTU/Hr/Sq Ft/°F (3" Batt Insulation)
Height - 104#/Linear Foot
Load Carrying Capacity - 3,000#/Lianar Foot
SOI
DEVELOPMENT COSTS.
In the preceding paragraph, m  reviewed those elements which make up tha 
coat of cha building or rasldanca atructura. ia pravloualy Indlcatad, thla 
la only a part of tha total homing package. Table B and Tabla C ahow two 
exaaqiles of typical davalopaiant coata.
Table B ahowa tha ooata for a typical garden apartment davalopaant. The 
total coat ahown doaa not include any profit or developera overhead coata.
If the developer la propoaing to aall thla product, he would nark it up be­
tween 8 and 121. In a normal caae, however, where the developer waa retaining 
the owner ah lp of the bulldlnga, he would attempt to get a mortgage loan to 
cover the total coat ahown with hla profit and developera overhead being 
left In the deal aa hla equity. Table C ahowa the typical coata for a single 
family houae selling for $25,000.
As a footnote to Table B, some of the various elements which go to make up 
the categories itemised in the tables are shown. Aa In the case of the 
building costs, the significant number of independent elements makes it that 
such sure difficult to obtain a substantial reduction in total coat by any 
one innovative breakthrough. Also, the addition of these other coat cate­
gories to the building costa will tend to reduce the effect on the total 
development coat of any economies accomplished in the building cost.
As an example, if it were possible through tome technological breakthrough 
to accoaq>llsh a 10X reduction in building costs, this would only reduce the 
total cost of a garden apartment development by 7.41, and the coat of a 
single family home by 5.7X, all other factors remaining the same.
Another factor which should be considered is that residential builders, for 
all their supposed inefficlanelea, operate with relatively low overheads.
Any system which propoaes to reduce the coat of housing is going to have 
to do so without significantly increasing operating overhead which could 
easily consume any savings. Often it is assumed that economies of scale 
will coaq>ensate for increases in overhead. The failure of many industrial 
corporations' entries into the housing industry can be traced to the ease 
of increasing the overhead expense and the difficulty in obtaining the 
economies of scale.
TABU B
DEVELOPMENT COSTS - GARDEN APARTMENT
TYPICAL X at
COSTAOirr to tal
A. Land $ 1,250 7.7
B. Site Work 1,100 6.8
C. Buildings 12,000 74.0
D. Job Overhead 280 1.7
E. General Overhead 1.600
$16,230 100.0
These are typical direct coats only and do not include 
any property management, marketing expense, developers 
profit or operating overhead.
C. Buildings includs those costs outlined in Table A.
D. Job overhead includes sits supervision, niscsllaneous labor, utilities 
during construction, security, transportation, job office expense, trash 
removal, winter costs.
E. General overhead includes architects and engineering fees, taxes and in­
surance during construction, contractors overhead, building permits, con­
struction interest, legal fees and loan closing expenses, permanent loan 
placement fees.
TABU C
DEVELOPMENT COSTS - SINGLE FAMILY HOUSE FOR SALx
TYPICAL X OF
<?PST/HW« TOTAL
Developed Lot $ 4,500 18.0
House 14,300 57.2
Job Overhead 500 2.0
Marketing Expense 1,000 4.0
Financing Costs 1,700 6.8
General Overhead 1,000 4.0
Builders Profit 2.000 8.0
$25,000 100.0
At this point, it might be interesting to consider the effect of the cost 
of money on the development cost. In Table B, we note that the general 
overhead represents 9.8X of the total coat. A major component of this item 
is construction interest. The 9.8X is quite low and probably could not be 
reproduced today. In 1967, typical construction loan interest rates were 
7X, plus a IX fee. On a project of a year's duration, this would create a 
construction interest cost of approximately 4%X (7X interest on one-half the 
total sum per year would be 3%X, plus a IX fee). In today's market, con­
struction interest cost of 10%X, plus 2 points, would not be unusual. This 
would be an interest cost of 7%X of the total, or an increase of 2-3/41 of 
the total cost of construction over a two-year time span. This would be 
equivalent to a 3-3/4X increase in the building elament. The complete elim­
ination of an item such as painting would have to be accomplished in order 
to make up for this increase in interest. The effect on single family costs 
Is similar. This la only a partial effect of the cost of money's influence 
on housing costs. The major influence will be reviewed later.
COSTS OF SHELTER.
In the preceding pages, we have reviewed the various elements which make 
up the cost of a housing product. A critical factor, however, which has 
a dominant influence on the development of low-cost housing is that the 
coat of the housing product is not the same thing as the cost of shelter 
to a family. Shelter, much more so than any other commodity required by 
a person, can only very rarely be purchased for cash. Also, even if it were 
possible for most families to pay cash for their homes, there are a signif­
icant nuafeer of other costs which would still have to be met as part of their 
total cost of shelter. This would be squally the case whether the home was 
owned or ranted.
NOTE:
A. Land cost includes cost of land, sonlng costs, taxes, and interest prior 
to construction, land closing coats, legal fees, and off-sits utilities.
B. Site work includes demolition, clearing, grading, storm and sanitary 
sewers, water lines, gas, phone and power lines, streets, parking areas, 
sidewalks, fins grading, lawns, landscaping, grounds lighting, retaining 
walls, recreational facilities.
Table D and Table E shew a breakdown of the typical shelter costs which might 
be expected to be incurred in order to provide for the rental of an $18,000 
apartment, and the ownership of a home costing $20,000. For purposes of this 
analysis, an FHA 8%X 40-year loan was assumed which generates a loan constant 
of .0928 (loan constant is that constant which when multiplied by the face 
loan amount is the annuel loan payment required to pay principle and interest). 
If wa asbnme that a family should spend approximately 25X of their income on
housing, you w i l l  note that in order to a fford  the $20,000 home, the family 
should have an income o f over $11,000 a year; in order to a fford the $18,000 
apartment, the family would have to have an income approximating $12,000 a year.
Again, we see the d ilu tion  of the e ffect of any cost savings in either bu ild ­
ing or development upon the actual shelter cost to the consumer. Only the loan 
payment and taxes have a proportionate direct relationship to the cost of the
TABLE D
SHELTER COSTS - RENT FOR GARDEN APARTMENT
Monthly Rent $250.00
Vacancy and Loss 12.50 5%
Gross Collected
Income $237.50
Expenses:
Salaries $ 15.00 67.
Maintenance 10.00 47.
U t i lit ie s 25.00 10%
Management 10.00 47.
Replacement 2.50 17.
Taxes 35.00 147.
Insurance 1%
$100.00 40%
Net Income $137.50 557.
Debt Service 125.00 50%
Return on Investment & P ro fit $ 12.50 5%
NOTE: Assumes $18,000 Apartment Value
$16,130 Mortgage with 9.37. Loan Constant
TABLE E
SHELTER COST - $20,000 SINGLE FAMILY HOME
Loan Payment *
Taxes
Insurance
Maintenance
U t i l i t ie s
$146.00/month
34.00 
6.00
10 .0 0  
40.00
$236.00
* Assumes $19,000 Mortgage with 9.37. Loan Constant. 
Down payment approximately $1,350, including 
Closing Costs.
building. In the case of a rental apartment, fu lly  40% of the costs bear 
only minimal relationship to the actual cost of the housing fa c i l i t y . In 
the case of the owned home, the percentage is much smaller, but; s t i l l  s ig ­
n ificant. The 107. decrease in building costs previously reviewed as to its  
effect on development costs would reduce the shelter cost of the owned home 
by approximately 4.3% and of the rented apartment by approximately 5%. The 
same effect could be caused by reducing the interest rate by .6%. In a pre­
vious analysis, we have seen the substantial e ffect that interest rate has 
on the development cost of the house. When this is compounded with the e f­
fect on the monthly payment of higher Interest rate, it  becomes very obvious 
that any e ffo rt  to lower the cost of housing w i l l  be re la tiv e ly  nonproductive 
i f  at the same time interest rates are not at least held steady. During the 
past 24 months, the prime loan rate has Increased 2 \  points. The actual rate 
at which money can be borrowed for housing has risen substantially more than 
that. The e ffect of this interest rate  change upon the cost o f shelter has 
been devastating.
A review of these figu res a lso  shows the reason for the fa ilu re  of Public  
Housing Developments to provide housing fo r those who rea lly  need i t .  In 
most Public Housing Programs, the payment of principle  and interest is  to ta lly  
subsidized by the Federal Government. In e ffec t , free housing is provided. 
However, even in the case o f this free housing, it  is  apparent that the housing 
authority w i l l  s t i l l  have to receive approximately 50% of the normal rent in 
order to pay for those costs which are not associated with the production of 
the housing fa c i l i t y , i t s e l f .  Many of the fam ilies who need housing the most 
cannot a fford even this payment. They cannot a fford "free  housing." Iro n ica lly , 
housing authorities have been forced to only rent to those fam ilies which 
can a fford  to pay this amount of rent, excluding those who cannot. Their 
alternative is insolvency. The problems of the Pruitt-Igoe Development in 
St. Louis are directly  related to this problem.
SUMMARY AND CONCLUSIONS.
The primary purpose of th is paper was to present data by which others could 
evaluate proposed programs. Some concluding comments might prove informative.
An analysis of the data w i l l  show that "Operation Breakthrough," however suc­
cessfu l, w i l l  not solve the problem of housing for the underpriviledged.
This is not a technological problem, but an economic one. Any reduction in 
the cost of building which might possibly be foreseeable as a result of tech­
n ica l innovation w i l l  s t i l l  not bring the cost of shelter to a point where it  
can be afforded by the tru ly  poor. This problem can only be solved by the 
subsidization of shelter cost for these people, and the e ffect accomplished 
w i l l  be to ta lly  and d irectly  in proportion to the amount of revenue expended 
for this purpose.
Control of the cost of money w ill have a far more significant effect on shelter  
costs in the foreseeable future than any possible technological breakthrough. 
The Federal Government's recent fa ilu re  to maintain a stable economy and an 
effective  capital market has had a negative e ffect on the housing supply of 
such magnitude as to take years of subsidies and technological progress to 
make up. Review o f the 1968 Ten Year Housing Goals shows that the major 
portion of the housing proposed to be bu ilt  during that period would be bu ilt  
in a conventional manner with conventional financing methods. A re la tiv e ly  
small percentage of the housing was proposed to be developed with advanced 
technology and subsidies. I f  the Federal Government emphasizes subsidized 
housing and technological innovation to the detriment of the conventional 
housing industry, there is  no way that these goals can be met.
A review of the number of items which go into making up the total shelter  
product makes it  obvious that no single technological breakthrough is  going 
to have any substantial effect. This w i l l  only be accomplished by a broad 
range, Item by item, do lla r  by do lla r, attack on costs. Every item must be 
carefu lly  reviewed. A cost overrun, or increase, in one area is often  
enough to wipe out the hard won gains from several innovations. Any home 
builder who survived in this competetive business w i l l  t e l l  you the same 
thing.
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EARTHQUAKE RESISTANT CONSTRUCTION FEATURES IN LOW COST BUILDINGS
By
A. S. Ary*, Ph.D.*
Introduction
'Lou cost* building is a relative tens. The standard 
of construction indicated by it Mill differ from region to 
region and country to country depending upon the level of 
socio-economic development. One common fact is however ob­
served that usually the low cost construction, besides having 
inferior specifications, has poor quality of construction as 
well. In seismicallv active areas the results are diastrous 
as has been amply exemplified by the recent earthquakes in 
Chile, India, Iran and Turkey. Assuming that in most countries, 
adobe, unreinforced brick and stone masonry and timber con­
structions will continue to constitute low cost structures, 
their earthquake resistant construction features are dis­
cussed in this paper.
The problem of earthquake resistant construction of small 
building has attracted the attention of several research workers 
during the last few years and a number of papers have been 
published on the subject. The reports regarding damage 
to structures during the past earthquakes have brought out 
the weaknesses in construction and suggested improvements for 
future construction such as those contained in the reports'9 '10* 
of Bihar earthquake of 193** and Koyna earthquake of December 
11, 1967. The aim of this paper is to review briefly the avail­
able information and summarize the main principles of earth­
quake resistant construction.
Behavior of Different Construction in the Past Earthquakes.
The random vibrations which are associated with earth­
quake motions and propagated in all directions at speeds of 
about 5 km per second actually subject the structures to large 
scale field tests. As a result, the poor constructions collapse, 
weak ones suffer the damage to a large extent, strong ones get 
away with minor damage and the exceptionally sound construc­
tions remain intact. Since all parts of a structure are shaken, 
the weak links can not escape damage. They give in first and 
in turn lead to distressing of stronger parts as well.
Earthquakes have been occurring in most parts of the 
world. Therefore, all types of constructions have been put 
to this type of severe test in one or the other earthquake.
For instance, in India, the buildings constructed from brick, 
stone, mud, timber or a combination thereof have been usually 
involved in the seismic regions.'9'10'11* Occasionally some 
reinforced concrete buildings have also been present in earth­
quake affected area and their behavior has presented a strik­
ing contrast to that of the masonry constructions. The old 
Japanese earthquakes present the behavior of wood framed 
buildings with or without brick panel filling'12* Reinforced 
concrete-block constructions and reinforced concrete framed
*Professor and Assistant Director, School of Research and Train­ing in Earthquake Engineering, University of Roorkee, Roorkee, 
U.P., India.
constructions are more recent examples in earthquake be­
havior'13’23* The Alaska earthquake of 1964 presented full 
size tests of framed constructions as well as that of pre­
fabricated constructions in reinforced and prestressed con-
(Ita)crete. The Caracas earthquake of 1967 tested multi-storyed 
reinforced concrete buildings with hollow-brick panel fill­
ings,'1 *^ the kinds of which are being used in Yugoslavia 
and in India too but using the solid bricks. At many 
places the shaking of the structures has been the reason for 
its damage or collapse but in others, the foundation has been 
the villain as its settlement led to the straining of the 
structure. Thus the behavior of most types of constructions 
can be studied separately. The Chilean earthquake of May 22, 
1960 offers at one place a comparative study of various con­
structions which are particularly used in buildings of a few 
storys height.'10* During this earthquake, about 45000 dwell­
ings of various types were damaged of which about 10% were 
damaged beyond repairs. Table 1 presents a comparison of their 
earthquake behavior. The percentages given in the Table refer 
to the total number of buildings of a particular type. The 
order of usefulness with respect to loss of life as indicated 
therein has been worked out on the basis of percentages of 
'dangerous' and 'destroyed' buildings combined. Another sur­
vey of damage to such buildings in ten Chilean earthquakes 
is summarised in Figure 1 showing the percentages of houses 
developing different degrees of damage in zones of various 
seismic intensities. These generalized results confirm 
the results of Table 1. Similar behavior has also been seen 
in the earthquakes in India where frequently adobe, random 
rubble masonry and composite constructions of unburnt and 
burnt bricks are often encountered.'9-11* These types may 
at best be graded slightly higher than unreinforced adobe but 
below unreinforced brickwork. The diagonally braced timber
( 1 7  )frames as often used in old houses in Kashmir valley with 
or without brick nogging (see Fig. 2) are highly resistant to 
earthquakes and may be classed with the first two types in 
Table 1.
From the numerous observations of damage and non-damage 
during earthquakes such as the Chilean earthquake described 
above the constructions can be divided in the following four 
categories indicating their suitability.
(i) Highly suitable constructions are .steel or rein­
forced concrete rigid frames and diagonally braced timber build­
ings. Such buildings have minimum weight, high strength to 
lateral forces and high ductility or deformation capacity 
which are the most desirable qualities for resisting the 
applied forces and absorbing the kinetic energy fed into the 
structure by the ground shaking.
(ii) Moderately suitable construction are reinforced 
block or reinforced brick masonry and timber frames with
brick nogging or sufficient brick walling acting with it.
These buildings have moderate weight, high lateral lead re­
sistance and moderate ductility.
(iii) Feebly suitable constructions are unreinforced 
brick, block or stone masonry buildings with horizontal 
runners of timber, reinforced concrete or reinforced brick­
work at plinth, floor and roof levels having proper connections 
at corners; or the same type of buildings without the runners 
but constructed in good cement or lime mortars and having
flat roofs like reinforced concrete slabs. These buildings 
have large weight, some amount of lateral strength and little 
ductility. They can be much improved by introducing vertical 
steel bars at corners and junctions of longitudinal and cross 
walls and reinforced concrete band at lintel levels of all 
Storys as recommended in Is: ‘+326-1967 Code of Practice for 
Earthquake Resistant Construction of B u i l d i n g s T h e s e  pro­
visions have been found to cost about 4 to 8 percent of the 
cost of buildings in areas of moderate seismicity having 
Modified Mercalli Intensity VIII (19). With such strengthen­
ing measures the buildings can be brought to almost the same 
level of suitability as reinforced block or reinforced brick 
masonry.
The beneficial effect of introducing small amounts of 
reinforcement at critical locations will be evident from the 
test results on three storyed building models made to one- 
third scale shown in Figure 3. All models were constructed 
in 1:6 cement-sand mortar. First model (WR) was constructed 
without reinforcement, second (CR) with .05% reinforcement 
located at corners, third (CLR) with similar steel at cor­
ners plus reinforcement all round at lintel level forming a 
band, and fourth (CUR) having vertical reinforcement at 
corners and jambs of operings as well as lintel level band.
The ultimate loads taken by the four models are compared in 
Figure 4. A typical load deflection curve of models CR is 
shown in Figure 5. The load-deflection curves of models CR 
and CLRJ were similar but that of WR was almost a straight 
line upto the load when first story cracked in flexural ten­
sion. Thus it is seen that even with small percentage of 
vertical steel at corners and ductility of the construction 
is increased which provides energy absorption capacity into 
the structure enabling it to withstand large shocks without 
collapse. Addition of lintel band steel along with the 
vertical steel resulted in increased strength as well as in­
crease in ductility. For severe seismic zones this combin­
ation is recommended.
(iv) Unsuitable constructions are unreinforced brick
or block or stone masonry construction in mud or weak mortars, 
composite constructions, adobe and mud huts. Such buildings 
have large weight, little or no lateral strength and almost 
no ductility. The lateral strength of brick or block con­
structions can be improved by constructing the jambs of open­
ings and a few courses at plinth and floor levels in cement 
sand mortar and using reinforced concrete or reinforced brick
lintels over openings with sufficient length of bearing say 
20 to 25 cm, over the jambs as shown in Figure 6. Jack or 
flat arches for covering openings must be avoided, or other­
wise, tie rods used for keeping them intact.
Besided the factors of weight, strength and ductility, 
the other important factor is quality of workmanship. Damage 
is found to be less in well constructed buildings following 
the standard specifications than in the poorly constructed 
buildings. Incidentally, the quality of construction also 
drops down generally with the order of suitability mentioned 
above because of the nature of materials involved and the skill 
required to do the job. For example, a reinforced brick con­
struction will usually have better workmanship than unre­
inforced one.
Effect of foundation Soil upon Structural Behavior.
Softness of soil has been observed to have pronounced
effect on the structural behavior of buildings during earth-
(9)quake as evidenced m  the Bihar earthquake of 1934 and 
Kern County (USA) earthquake of 1 9 5 2 ^ ^  In the former, 
houses founded on rock out-crops suffered much less damage 
than similar buildings in the valleys resting on alluvial 
deposits. Table 2 shows the behavior of different types of 
construction resting on different types of foundation ma­
terials as observed in the Kern County earthquake.
The general trend of damage observed in most earthquake 
is similar to that shown in Table 2, that is, the damage in­
creased with the softness of ground. But the reverse also
happens sometimes as in the case of Long Beach (USA) earth- 
( 21)quake of 1933 where the damage to buildings on soft soil 
on the beach was somewhat less than those on more firm ground. 
It appears that the short period structures suffered more 
damage in that earthquake than long period ones due to the 
short period characteristics of the earthquake.
Some soils like poorly graded sands and sand-gravel mix­
tures are found to loose their structure when vibrated in dry 
condition causing large amount of settlement and they liquefy 
and lose their shear strength if saturated with water and 
subjected to vibrations. In this condition, the buildings 
sink into the ground. The same type of behavior is seen 
with the water bearing soft alluvial soils. Large areas li­
quefied during the Bihar earthquake of 1934 and Dhubri (Assam)
( 22)earthquake of 1930. Most striking examples of liquefaction
of soil and sinking of buildings occurred in Niigatta (Japan)
( 23)earthquake of 1964. The contrast in the behavior of struc­
tures founded differently also provided the remedy against 
such failures. The buildings which were founded on bearing 
piles remained standing vertical although the soil slumped 
down at the surface whereas those having shallow footings 
sank, tilted or overturned. Therefore, point bearing piles 
must be used where loose soils having Standard Penetration 
value N less than 10 are encountered. Driven piles are to 
be preferred since the vibrations and compaction caused by 
them will improve the soil through which they pass. Friction
20S
piles may be used in the case of soft clays.
It, therefore, follows that from the point of view of 
behavior during earthquake, buildings should be founded on 
rock where available. Otherwise, the following types of 
foundations may be adopted in the decreasing order of pre­
ference depending upon the height, size and importance of 
the building:
(1) Bearing piles in cohesionless material resting on 
stiff soil having high N value.
(2) Friction piles in cohesive material.
(3) Solid raft under the whole building.
(4) Continuous reinforced concrete strip footings running 
in both directions interesting and monolithic with 
each other.
(5) Individual reinforced concrete footings connected 
together by plinth beams.
(6) Continuous unreinforced strip footings with plinth 
level band (reinforced concrete runner).
(7) Unconnected individual footings or unreinforced strip 
footings.
Sand piles may be used for compacting, draining and con­
solidating loose soft fills.
General Planning and Details
In addition to the main factors of type and quality of 
construction of structure and its foundation, there are other 
more or less important factors influencing the behavior of 
buildings during earthquakes. These are briefly stated in the 
following:
(a) Plan and elevations - Buildings irregular in plan or 
elevation are found to develop torsional stresses. Therefore, 
those having symmetry in plan and elevation are better. Com­
pact plans are seismically better them extended plans with 
several projections. E, U, T or L shaped plans must be pro- 
vxded with 'separation sections' ' so as to reduce them 
to an assemblage of rectangular units.
(b) Roofs and Floors - Roofing and flooring units, where 
used instead of monolithic slabs, are to be tied together and 
fixed to the supporting members so as to prevent their dis­
lodging due to shaking. Therefore, corrugated iron or asbestos 
sheets are better than earthen tiles, slates etc. Joists
of timber or reinforced concrete, if used for supporting floor­
ing units, should be blocked at ends and tied together so as 
not to allow any relative displacement between them. Jack 
arched roofs are to be avoided unless ties are used in every 
span.
(c) Load Bearing Walls - The damage is found to increase 
with height and the collapse of a multi-storyed building is 
much more disastrous in terms of loss of life and property. 
Therefore, height of masonry buildings may be restricted to 
about three storys.
Studies carried out on the effect of openings on the strength 
of walls indicate that they should be small and more centrally
located^1’2*** IS: i»326-1967(18> provides the following re­
strictions on the size and position of openings:
(i) The openings shall preferably be located away from 
the corner by a clear distance equal to at least l/*» of the 
height of opening.
(ii) The length of opening shall not be more than half the 
length of the wall between consecutive cross walls.
(iii) The horizontal distance (pier width).between two 
openings shall not be less than 1/2 of the height of the 
shorter opening.
(iv) Where the openings do not comply with the above re­
quirements , they should either be boxed in reinforced con­
crete or reinforcing bars provided allround them through
the masonry.
(d) Projecting Parts - Overhanging parts such as project­
ing cornices, balconies, parapets and chimneys are the first to 
fall during 3m earthquake. Not only that there is damage to 
the building but such parts, when they fall, injure the people 
who may be running out of the houses or moving on the streets. 
Such projecting and overhanging parts should be avoided as far 
as possible or enough care should be taken to reinforce them 
and anchor them to the main structure adequately.
(e) Suspended Ceilings - Suspended ceilings often used for 
aesthetic reasons, are usually brittle and weak and incapable 
of resisting horizontal forces with the result that during an 
earthquake they crumble and fall down. Thus special care is 
required in the design of suspended ceilings if they cannot
be avoided. They should be strong and rigidly tied to the 
roof or be ductile enough to withstand the strains during 
ground motion.
Similarly, the plaster on the ceiling frequently falls 
down^*^ The thickness of such plaster should be kept to a 
minimum.
(f) Deunage to Non-Structural Parts - During the past 
earthquakes it has sometimes happened that whereas the struc­
tural frame was strong enough to resist the earthquake forces, 
the non-structural elements like brick filling in a timber 
frame, which is not supposed to carry any other loads besides 
its own weight, have fallen out of the f r a m e T h e r e f o r e ,  
it is necessary that the non-structural parts should be well 
tied to the structural framing. To avoid damage to window 
feames or glazing, the drift in buildings should also be 
limited to about 1.5 cm per story height.
Conclusions
From the behavior of buildings during paist earthquakes as 
presented above, it may be concluded that the' most desirable 
qualities for earthquake resistance are light weight, high 
lateral load resistance, large ductility and non-yielding 
foundation. Besides the building should have simple regular 
plan and elevations, well integrated construction of all units, 
with as few openings in walls and as few projecting parts as 
possible.
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TABLE 1
Comparative Study of Damage in Different Constructions
Type of 
construction
X TotalX XDanger- 5? XTotalXOrder of
XNumberXRepair-Xous must XDestroX of XUsefulness 
X of Xably Xbe dis- X yed XDama-Xwith respect 
XDwell-XdamagedXmentled X % Xged Xto loss of 
Xings X % X % X Xones Xlife.
X______X______ X_________X X % X______ __
1. Reinforced
Brickwork 1781 8.3 1.4 0.8 10.5 II
2. Reinforced Con­
crete Blockwork 5 20.0 0.0 0.0 20.0 I
3. Unreinforced
brickwork 1149 37.6 33.6 11.6 82.8 VI
4. Unreinforced Con­
crete Block- 
work 6 16.7 33.3 16.7 66.7 VII
5. Combined rein­
forced and 
unreinforced 
brickwork 1334 37.7 20.8 3.5 52.0 V
6. Wood Frame 1516 24.8 8.0 1.9 34.7 III
7. Wood frame with 
Masonry 147 53.0 19.7 3.5 76.2 IV
8. Adobe 187 17.0 52.5 23.0 92.5 VIII
Total dwell- 6125 
ings con­
sidered
TABLE 2
Effect of Foundation Material on Damage
SIT
No.
Yx Type of Building YX Foundation Material YX Damage
1. Steel or Reinforced 
concrete
Thick alluvium None
2. Framed Building -do- Little or 
no damage
3. Reinforced Block -do- Little or no 
damage ex­
cept for 
cracking of 
unsupported 
facade
4. Unreinforced Brick 
or Block -do- Extensive 
damage or 
collapse
5. Stone masonry i) Thick alluvium 
ii) Rock
Moderate 
damage to 
collapse 
Little or 
no. damage
6. Adobe i)Thick alluvium 
ii)About 3m deposit 
iii)Rock
Collapse 
Extensive 
cracking 
slight crack­
ing or no 
damage
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Fig. 3 (b) Three storeyed models, simulation of dead load, loaded horizontally for 
ultimate strength
Fig. 2 Wooden house with brick noggingFig. 3 (a) Three storeyed models, after tests
20 8
FIG 4 COMPARISON OF EXPERIM EN TAL RESULTS OF U LTIM A TE LOAD T E S T S  .
FIG. 6 -S TR E N G T H E N IN G  ADOBE OR BRICK­
WORK IN MUD
FIG 5 - L O A D - D E F L E C T I O N  CURVES (M O D EL CR)
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FIG. 1 -DEGREE OF DAMAGE IN BUILDINGS
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A U. S. BUILDING SYSTEM:
AN EXPERIENCE AND LESSONS TO BE LEARNED 
By
sepp firnkas*
1. PROBLEM
The rebuilding of large sections of our major cities is at 
this time a matter of survival and represents an effort of 
staggering magnitude that can no longer be put off. Al­
ready in 1949 the federal housing act stated as its aim:
"A decent home and a suitable living environment for every 
American..."
Surveying our cities today, twenty years later, it becomes 
obvious that we are far from this goal and, in fact, the 
need for decent housing is greater today than it was in 
1 949.
2. Increase speed and quantity of production
3. Increase efficiency and decrease cost of labour.
4. Increase quality of product
5. Ability to puschase in bulk
6. Ability to cope with fluctuating money market
7. Ability to capitalise on experience and implement 
it on research and development.
8. Ability to reform outdated codes.
9. Ability to build acceptance for new and innovative 
products.
However, in the meantime, numerous redevelopment authori­
ties and agencies came into existence, defining more spe­
cifically, the number of dwellings required and related 
problems, and it now becomes clear the the Housing Act of 
1949 poses a gigantic problem for which architects, engi­
neers, and the building trade in its present way of think­
ing, methods, and capacity are not ready. It is also quite 
clear that application of methods and operations which have 
long since so successfully applied to other production sec­
tors of the economy, must be brought to bear upon construc­
tion - the increased "industrialization" of the finished 
construction product. "PRODUCTION" must supplant the term 
construction with respect to finished buildings.
Recalling contemporary realities, conservative assumptions 
and probabilities the future demands for construction are 
rather alarming:
The nation needs right now 26,000,000 new dwelling units 
to be built.
By 1985 the population increase will reach the 260 Mill, 
mark .
At this time 20 Mill, new house holds will have formed ne­
eding 20 Mill, more apartments.
In the year of 2000 the U.S. population may well reach
300.000,000.
Income: 20$ of families of four (4) earn less then *5,000
at this time.
40 to 50$ earn between *5,000 and *8,000 per year.
These families do not qualify for public housing -
but the income is not enough to be able to afford
adequate housing in the private market.
The best known federal programs 221 (d) (3) middle income
housing and 236 have produced but a drop in the bucket 
compared to the need.
The result is virtually no new housing available for low 
income people and by now, so the Douglas Report "Building 
the American City - Agenda for Action", states: Some 7.5 
million families live in substandard housing, housing with­
out adequate plumbing, dilapidated, unsanitary and in poor 
repair. Mary more live in overcrowded tenements. Intricate 
problems arise with the development and redevelopment of ur­
ban complexes in terms of city planning, aon ing perform­
ance of building materials, codes, maintenance, flexibility, 
fire safety, rent levels, FHA regulations, etc... to which 
answers within the economically feasible range must be 
found. There are hurdles of land acquisition, title re­
search, bank rules and regulations. Moreover it is usually 
at least two years from the acquisition of land until gro­
und is broken and for conventional construction an other 
two years before anyone moves in. The average size of these 
projects is about 200 units. Obviously the housing gap will 
never be closed this way. It is vitally necessary to mod­
ernise the building trades - introduce 20th century produc­
tion methods, up to date technology management and a sys­
tems approach. The key is management and technology and 
thus provides a neutral non political and for all accept­
able approach. At this time the management and technology 
is available. Also labor is available or can easily ba tra­
ined as production for a valid systems is to engineered as 
to use relatively low skilled people, in fact the very same 
people in need for the housing they will produce. Conven­
tional financing marketing, and administrative aspects will 
certainly have to be scrutinised and probable redesigned 
and are beyond the scope of this paper.
Translating the sum of the protlems into required funds and 
workload, we find that about 1/3 of it is directly related 
to the structure of the buildings and incidental items to 
it. Our firm, structural consultants, specialists in pre- 
fabrication, has, therefore, developed a highly industrial­
ized precast concrete structural system, the "sepp firnkas 
structural system", that provides greatest liberty and flex-, 
ibility in planning and design, the plant prefabrication 
assures a tight quality control and makes production inde­
pendent from climate and weather. Fabrication and erection 
procedures are geared toward unskilled labor, speed of con­
struction can be controlled almost at will. In addition 
the same system can be used for low-rise and high-rise build­
ings, maintaining the same level of efficiency and economy.
0MNIF0RN INC. an organization dedicated to production of 
industrialized housing incorporated the "sepp firnkas struc­
tural system" into the"Omniform total building system" which 
includes environmental design, all necessary mechanical and 
architectural subsystems and a building supply corporation
2. GENERAL RESEARCH INTO EXISTING EUROPEAN 
AND AMERICAN BUILDING SYSTEMS
The end of the Second World War left Europe in an unprece­
dented need of construction. Destroyed cities and indust­
ries had to be rebuilt while the labor force was reduced 
by heavy war-time losses. Except for a few isolated areas, 
labor was and still is at a premium. Furthermore, with an 
increasing trend towards the factory and indoor working 
conditions the construction industry had and has only lim­
ited labor resources to draw from. The key phrase, there­
fore, became: "Industrialization also in construction."
In most countries a number of different methods and systems 
developed which reduced the labor content in building, 
shifted field labor to factory employment, and increased 
the materials and work output efficiency. Hand in hand 
with this industrialization goes a highly automated pro­
duction setup, improved use of materials, and a design 
discipline unfortunately sometimes bordering on sterility.
However, with this "industrialization of buildings" the 
immediate problems of providing "a roof over each head" 
were solved and a steady improvement can be anticipated, 
especially of the housing needs.
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THE EUROPEAN SYSTEMS
At least half a hundred systems 
are available and are used t h r ­
oughout Europe. A similarity 
between many of them is obvious, 
and they can be grouped into six 
basic structural systems.
(a) Box System
(b) Closed Bearing Wall System 
(cj Open Bearing Wall System 
(d) Column - Beam - Slab System 
(a) Stud Wall, Panel, and Stress-
skin System
(f) Mobile Home (Trailer) System
Finally, the industialiaed dwelling unit, mach like a car, 
does not have to be of sterile uniformity. The market is 
much larger than for any other product and interchangeable 
subsystems can be engineered.
What industrialization of housing means is:
1. Year round employment for unskilled labour,labour 
training to achieve skill, reduction of expen­
sive and inefficient site labour.
These basic systems could alternatively be grouped into "open" 
and "closed" systems.
An open system is compatible with a number of inter changeable 
components from related systema or from coordinated supply 
sources. Furthermore, an> open system allows the use of con­
ventional construction materials and methods together with 
the components of the system.
*sepp firnkas enigneering, boston, massachusetts
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A closed system is ordinarily not compatible with other sys­
tems nor with conventional construction methods, and it does 
not permit deviations from standard plans associated with the
system. This, however, reduces the flexibility of the system 
considerably.
.3 ORGANIZATION
Building systems are sponsored and/or marketed by four types 
of organizations:
(a) Contractors - Manufacturers - Developers
(b) Engineers
(c) Clients (Public Housing Agencies)
(d) Owners - Developers
Manufacturing is done:
(a) In large central plants (investment $1.5 to $3 mil­
lion) for permanent production.
(b) Small to large site installations for one or sever­
al projects in close vicinity with portable quip- 
ment. (investment $.2 to $.1 Million)
It 'appears at this time that about 25 to 35% of all construc­
tion and about 40 to 50% of all a partment building is based 
on one system or another. It can be anticipated that these 
percentages will double within the next decade.
DISADVANTAGES OF EUROPEAN SYSTEMS
From the success of the systems in 
Europe it is obvious that they pos­
ses marked advantages over the con­
ventional methods of construction. 
However, applying their standards 
to U.S. Codes and Practices in plan­
ning, construction, labor, admin­
istration, and financing, a few im­
portant disadvantages beccme obvious.
Frequent lack of positive con­
nections makes buildings vul­
nerable to seismic loads. 
Individual units are small, a 
great number of components 
therefore, many connections re­
sult.
Little architectural flexibi­
lity, short span floor slabs 
and, therefore, small room si­
zes, frequently below U.S. ac­
ceptability and standards.
High capital investment for pro­
duction plant.
While these disadvantages are of no 
consideration in Europe, most of them 
represent formidable obstacles for 
a successful application in the U.S. 
Major changes were necessary if any 
of the European systems were to be 
imported, and a complately new eng­
ineering analysis and connection 
changes required considerable pre- 
paretory work.
Fig. 1 typical
European 
System
3. DEVELOPMENT OF THE "5EPP FIRNKAS STRUCTURAL SYSTEM"
The temptation was great to adopt one or several existing, 
proven, systems as a basis, combine their advantages and 
thus create a "new" system. We shortly recognized that a- 
long with the advantages of a system are a number of un­
desired features and by combining two systems the problems 
increase in geometric proportions.
We therefore started from scratch, developed first problem 
charts (see Fig. 2) and by way of elimination zeroed in on 
materials first, construction methods second, and erection 
details third.
Wood frame and steel construction were eliminated first 
since the required fire ratings require costly measures, 
maintenance is high, a high skill factor for labor is nec­
essary, and very little reduction of on site work is pos­
sible.
Masonry Bearing Walls &. Concrete remained. Very socr we 
recognized that this age is confusing for the designer of 
buildings. Every day a "new" technique is claimed to be 
developed, old techniques are being improved and updated,
"new" materials, "new" shapes, "new" gimmicks - appear and 
disappear. It is difficult to distinguish pseudo - from 
valid advances in building technology. However keeping in­
dustrialization and PRODUCTION as paramount in mind the var­
ious possibilities of providing shelter can be narrowed down.
An analysis of the structural skeleton for buildings in ques­
tion shows that about 95% consist of 3 basic types:
.1
.2
.3
Post and beam frame with nonbearing infill panels. 
Bearing wall systems with:
.21 Bearing outside walls and bearing partitions.
Floor slabs are room size and “two directional. 
.22 Minimum number of bearing walls. Floor slabs 
are "long span" and’one directional."
Shell structure or boxes.
Studying the anatomy of these typical structures and pro­
cessing their various inherent characteristics with regard 
to planning, flexibility of layout and appearance, mass pro­
production, erection, livability, maintenance, and ccst we 
obtained, with the unwritten laws of probability a pattern 
of sufficient and efficient structural components.
(see Fig. 3)
Evaluating the various items, pro and con, as industrial ap­
proach to producing the one directional concrete bearing wall 
system has the majority of built in advantages. Even with a 
reasonable shift of weights toward the one or other type of 
construction the end result does, not change. Which proven 
its superiority for the problem under consideration.
Once the system was decided upon, a thorough survey of pre- 
fatncation, transportation, erection, and f i n i s h i n g  w e n  
made - always keeping the problems in mind. The renult~was 
ar embarrassingly simple system.
4. THE SYSTEM
A modular precast building componet system featuring:
•1 Precast, story high bearing walls with door or win­dow openings in the transverse dTrectioT' the---
URBAN HOUSING
F L E X IB IL IT Y GREAT NUMBER SHORTAGE OF SK ILLED  LABOR
A R C H ITEC - ENVIRONMENTAL BUILDING CODE MASS PRODUCTION STANDARDIZATION
TURAL «. S IT E A D A PTA BILITY
FIREPROOF -  SOUNDPROOF
INDEPENDENCE OF 
CLIMATE L  WEATHER
/
M IN . INVESTMENT FABR ICATIO N llER EC TIO N
I I
LOW | HIGH LOW | MEDIUM | HIGH _ r
RISE INCOME 1 ----------'
FAST OCCUPANCY
ABLE TO ACCOMMODATE 
FUTURE DEVELOPMENTS
1
LOW MAINTENANCE
NEEDS & TA STE I M A TE R IA LSIE TECHNOLOGY '.IN D E S T R U C TIB IL IT Y
Fig-2 P R O B L E M  C H A R T
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TYPE Of STRUCTURE INVESTMENT FABRICATION ERECTION &. FINISHING
POST 1 BEAK -separate fori-6 for 
columns.
Learns,floors,
walls,. . ge production space 
-large storage space 
-easy adoptsblt- to retail 
or large projects 
-gradual build up of ell items with narked . 
development pos-. - sibla
-4 different production 
lines
-reinforcing cages to b< 
individually tied 
-high labor-large production space 
-long walking distances 
-smell individual units 
-many pieces 
-quality control andsupervision crit­
ical-poor adaptability to changes
-great number of pieces
-many ano various connection 
details-shipping, storage and sche­
duling difficult,-most connections to ba fire­
proofed anj finished •low weight and easy handling
Initial Investment! 
can be smell Labor!high-much handi­
craft 
Control!extensive and dif­
ficultIndustrialization:
medium
Labor:high
Control:
extensiveIndustrialization:low
CONCRETE BEARING WALL „ Two Birectioral -forms for walls floors
-small production apace
-sire of storage aree a function of 
project sire -gradual build up with 
market develop­ment
-2 production lines 
-maximum of mechani­zation possible -no tying of iteel- 
or minimum 
-low labor ~taia41 production space
-ehort walking dis­tances-abaptability to op­timum
-few pieces -quality control and supervision fool 
proof
-good edeptibility to changes
-small number of pieces -only one connection detail -scheduling simple 
-all connections hidden,no 
finishing, no firepro­ofing
-weight can be adjusted to site condition and 
handling equipment
initiel investment:can* be snail, ac­cording to project aiza
Labor:low
Control:
easyIndustrialization!
highest
Labort
low
Control:easy
industrialization:
highest
O'*-7-5 One directional}
C_Tvv
-forms for wa31s floors
-large production space ~>size of storage erea a 
function of project aiza-gradual build up with 
aaxkat development
-3 production lines -maximum of mechaniza­
tion possible -no tying of steel- 
or minimum -low labor
-large produeticnnsjace -short walking distan­
ces-no flexibility-room sizes dictate, 
-many pieces -quality control and supervision fool 
proof-no adaptibility to 
changes
-large number of pieces -two connection detail 
-scheduling involved -all connections hidden,no finishing, no fire­
proof ing-weight can be adjusted to site condition end 
handling equipment
initial investment:
can be small ac­cording to project sire
Labor!
low
Control!
easyIndustrialization!
highest
Labor!
low
Control!assyIndustrialization:
highest
SHELL OK BOX -one form-however sep­
arate inside and outside forms. 
Mechanical details of form assembly and stripping dif­ficult
-small production space 
-storage area: extrrmel large
-ona production line 
but many sub as­
sembly lines -little mechanization 
-great amount of spe­cial steel, build­ing, tying, and installation 
-hioh labor-small production space|
-small number of piacss -connection details vary - with architectural planning
-simple scheduling 
-connections hidden no
finishing, no fire­proofing
-no adjustment to sits con­
dition
-only large projects 
possible-only limited build 
up with market 
development pos­sible-limited time for amortization -heavy handling equip­ment
-short walking distan­
ce*-no adaptibility to 
various sizes 
-few pieces -difficult qualitycontrol and sup­ervision
-no adaptability to 
sizaa-no flaxibility
-heavy units
•special handling problaas 
-special joint problems
Vary large initial 
investment
■
-abor: high 
Iontroll
difficultIndustrialization:low
.abori low 
lontrolt assayIndustrialization!
MASONRY BEARING WALL(site operation) t 
Precast planks
-masonry units are e- vailable universe ally-storage at job 
-equal for small or lorgo jobs
-highly imdwatrlal- 
izadm
-high aita labor 
-waatnqjt dependant -reinforcing K concrete work for high rise 
buildings-scheduling of masons L erection 
-limited Light -good adaptability to 
changes-no further development in sight
Initial Investment! -vary small .abor lminimum
lentrolieasyIndustrialization!
highest
abouri
vary high lontroli 
assyIndustrialization!
low
fig. 3 evaluation of .>tzuctural Svatoa*
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DEFINITIONS
.2 Extruded, prestressed hollow core floor and rcof
£lmn k s . (see Fig. 5)
' s '  S S A H C A g J t
Fig. 5 Typical Hollow Cora Planks
machine produced in length up 
to 700 feet and cut to desired 
length. (see Fig.6) Spar and 
depth of planks m b s  to be a 
function of architectural lay­
out and the ratio of cost of 
bearing wall and plank. Keep­
ing in mird the minimum room- 
size requirements as set forth 
by the F.H.A., a module of 14 
to 17 feet in the longitudinal 
direction or a multiple there­
of was architecturally most 
desirable. But since the s qu­
are foot cost of the floor p l a ­
nks. and the cost increase of 
floor, planks,within reasonable 
increase of span is practically 
negligable, a span of 2B to 34 
feet was selected as optimum. 
The optimum plank depth for the 
floor live load of 40 psf was 
then b inches.
.3 Stairs if not used to provide 
lateral stability to tne struc­
ture - can be of a variety of 
materials — steel pans or pre­
cast concrete, and are support­
ed by the bearing walls. (see 
Fig. 7)
Fig. 7 Precast Stairs
.4 Stability of Structure is pro­
vided by semi rigid connections 
through the vertical postten­
sioning (see Fig. 8 &. 9) of flo­
ors and walls for low rise b ui­
ldings, plus additional precast 
shear walls within stair and 
elevator tower for high rise 
buildings. For tower structures 
the layout lends itself to a 
self bracing arrangement of the 
bearing walls. In general the 
stability of every structure is 
checked by a computerized, three 
dimensional multiple fdlded plati 
analysis. (sae Fig. 10a & 10b)
Fig 8 Post Tensioned 
Connection De­
tail
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Fig. 9 Rods Extending Floor Height
.5 Seismic Loads are transferred through the floor di­
aphragms to shear wall elements and vertical walls 
and absorbed by high strength post-tensioning ten­
dons. The ductility of the complete structure e- 
quals or exceeds that of a comparable steel frame 
structure, without causing cracking of the concrete 
walls or exceeding the yield strength of the post- 
tensioning steel. Whatever condition is controlling 
general stability or earthquake - determines the 
number and size of the post-tensioning tendons.
•6 Fire rating as required by local building codes is 
automatically obtained at no extra cost and is a 
function of concrete coverage similar to a compara­
ble cast-in-place concrete structure. "Underwriters 
Laboratories" labels are available for all of the 
precast units.
Sound insulation 
is excellent, since 
each apartment is en­
closed by 8 inch thick 
concrete walls and 
hollow-core slabs of 
8 inch thickness with 
a mastic levelling 
course and flooring.
SOUND TRANSFER RESISTANCE-VERSUS WALL OR FLOOR WEIGHT
Fig. 11 Sound Transfer Resistance
.8 Site conditions and foundations as varied as they
may be, do not influence the system, only the found­
ations. The story-high bearing walls are at the 
same time deep girders spanning full length from 
support point to support point - originating from 
piles, caissons, or spread footing. The conventional 
grade beam can be eliminated. Thus it is possible 
to select the most economical foundation system for 
any site. Irregular or sloping sites are accomodated 
within the system without introducing new elements.
.9 Erection and connections: Upon a foundation in place 
(see Fig. 12a), First a wall panel, (Fig. 12b) then a 
shear wall or stair tower unit and the adjacent wall 
panel is erected, forming a rigid, stable nucleus from 
which the further erection continues. Three-inch di­
ameter conduits are placed in the wall panels to ac­
comodate the post-tensioning rods for the connection 
of wall panels to floor units. The rods which are 
anchored into the foundations, (seeFig. 12 a) are 
connected at floor level by couplers, (see Fig. 13) 
extend one floor height, (see Fig. 9 ) and serve as 
rough alignement for the placement of the wall panel 
by threading the panel over the rods, (see Fig. 14)
The lateral final adjustment which is marked on the 
floor or panel below can be done by hand during the 
lowering of the panel. Once the panel is lowered the 
crane can unhook while the panel is plumbed with a 
temporary building jack. Then the floor units are 
placed ( see Fig. 15) and grouted and post-tensioning 
is done, (see Fig. 16) thus stabilizing one floor, 
and thereafter the erection cycle can continue, (see 
Fig. 12c) All conduits and joints are grouted with 
an expansive cement grout mixture containing an ad­
ditive that was specifically developed and tested to 
guarantee no shrinkage and a minimum strength of 4,000 
psi.
The crane size depends on height and accessability of 
structure. A five man crew (depending on local unions) 
and separate crew (two men) for post-tensioning and 
grouting, plus a superintendent and a helper for sup­
ervision, planning, and establishing levels (total 
10) can erect up to about 3,500 square feet of building 
area (including walls, shear walls and floors) if rea­
sonably well organized. The working-in of tVie erection 
crew which can consist of unskilled labor, can be a- 
chieved by a superintendent with experience within 
three days, since only one type of connection has to 
be made.
.10 Tolerances for casting and erection are the criteria 
for the success of a precast system. Having thorou­
ghly studied the limitations of conventional precast­
ing plants and methods, we reached the conclusion that 
3 inch tolerance (1 -J- inches plus or minus) for all 
connection details of walls to floors and 3/4 inch 
to 1 inch for differential camber of the floor units 
must be accomodated, while for the dimensional tol­
erances of walls and floor units the same criteria 
can apply as for regular cast-in-place concrete con­
struction.
Differential camber is eliminated through a central 
shore lining up the underside of all planks or wed­
ging of the shear keys before grouting. The reliable 
strength and expansive characteristics of the grout 
assure a permenent elimination of the differential 
camber. (see Fig. 17)
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0  3-WAUL PANELS
SEPP FI RNKAS S T RU C T U RAL  
S Y S T E M
Fig. 1 4 Placement of 
Panel Over 
Rod
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5. THE 5EPP FIRNKAS SYSTEM COMPARED TO EUROPEAN BUILDING SYSTEMS
There do not exist any basic differences in design philos­
ophy between European Codes and U.S. Codes, however, Codes 
and practices here tend to emphasize the conservative ap­
proach. In addition, nearly all parts of the United States 
have been affected by earthquakes to some extent. These two 
considerations lead to a design that accentuates the IMPORT­
ANCE OF CONNECTIONS between prefabricated elements.
The "stacked" method of con­
struction used by the major­
ity of European systems rel­
ies mainly on gravity and bond 
connections between the ele­
ments (sea Fig. 18) (REF.)
"in situ" aoncrete. Gravity 
bond and in situ concrete are 
fixed items eliminating the 
ductility of the structural 
system, which is important 
for lateral loads resulting, 
for example, from earthquakes 
or differential settlements of 
footings; also, in situ con­
crete requires the scheduling 
of two different operations - 
one has to wait for the other 
one - and makes erection and 
progress weather-dependent.
In short, we have a "PASSIVE" 
CONNECTION". The strength 
depends on bond and gravity 
with low or zero ductility,
The structural design of the 
elements itself is similar in 
Europe and the United States.
Our connection is an "ACTIVE" DRY CONNECTION in which definite 
CONTROLLED STRESSES are applied to the joint by POST-TENSIONING 
FORCES. This allows an easy variation of connection strength 
depending on intensity of lateral loads without having any in­
fluence on the individual member of the system. A ductility 
equal to a steel frame building can be achieved through high 
strength prestressing steel.
Acceptability of reasonable tolerances represent, in my ex­
perience, the ultimate key to the success of a prefabricated 
building system. Our joint connections cannot be compared to 
European methods, since the technological approach, labor con­
ditions and construction proctices are entirely different.
The "ACTIVE-DRY" CONNECTION allows a certain "sloppiness" 
within the connection details that does not compound over the 
total building but can be compensated at each floor level. 
Acceptable tolerances can be established for the desired 
accuracy to be obtained for each project. Deviations of 
the design dimensions up to 1" plus or minus can be absor­
bed by our connection details without structural or erec­
tion disadvantages; and still result in a building that 
falls within tolerances generally specified for comparable 
in situ concrete structures.
6. LIMITATIONS AND BOUNDARIES
To fully exploit and take advantage of a system its limi­
tations and boundaries must be established. Unfortunately 
this is only possible through costly experience. The one 
directional bearing wall system can be produced and assem­
bled with innumerous variations and still remain within its 
basic efficient and economical range provided its. produc­
tion ground rules are observed.
.1 WALL UNITS:
Maximum product dimensions determined by transportation 
width and capacity of handling equipment. In general: 
larger units are more economical since fewer pieces ha­
ve to be produced, handled, stored, erected and connec­
ted. (see Fig. 19) Avoid units beyond maximum product 
dimensions. A combination of smaller units within out­
side dimensions should be accomplished.
.11 OPENINGS
Are provided by blockout. Door and window frames if of 
metal can be cast into unit , but cross brace to avoid 
distortion. Openings can move within panel. Lintel 
height above opening a function of width of opening. A- 
void -too many openings since reinforcing and labor incre­
ases. ( see Fig. 19)
.12a INSERTS AND CONNECTION DETAILS
Should not protrude (see Fig. 20) nor be able to float 
within the panel. Layout should always allow fastening 
to form or reinforcing. However, a minimum of unfast­
ening for stripping should be required.
.13a VERTICAL CASTING
With built in, tuned vibration and curing is required 
for max. economy; allows easy quality control; toler­
ances -J-" + ; production cyle can be reduced to 8 hours 
(see Fig. 21 &. 22)
.2 FLOOR UNITS:
Should be with hollow cores for weight reasons.
Fig. 18
Typical Connec­
tion as used for 
"Ronan Point"
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Fig. 22 Production Time Schedule
.21a STACK EXTRUSION: PRESTRESSED
No inserts nor openings can be provided, must be cut 
after stripping, usually dry cast; rough textured 
finish; differential camber control varies; plank 
width 3' - 4" or 4' - 0"; any length. (see Fig. 23)
.22a SINGLE LINE EXTRUSION:
Prestressed, wet cast (about 1" slump) inserts and 
openings possibe; smooth ceiling finish if cast in 
steel pan; some side form required to avoid wobble 
of edges; camber control good, plank width 4'-0"; 
any length.
.23 FLOW LINE CASTING:
Prestressing for long spans only, wet cast in forms 
that move from station to station, inserts and op­
enings possible, smooth ceiling finish; camber con­
trol good; side forms variable to accommodate any 
width or length variation: maximum width 8'-0", max­
imum length about 40'. Tolerances good, greatest flex­ibility.
In this connection should be noted that during the last 20 years 
Russia made considerable inroad in connection with mass produc­
tion of buildings, and after experimenting with about 20,000 a- 
partment units of box type production the large size bearing wall 
type proved most successful and was adopted as final in 1964. 
Quoting from a U.S.5.R. report on the production problem: "Large 
size panel systems have been displacing other procedures. In 
this approach each wall, floor and ceiling of a room is designed 
to be factory-produced as a single prefabricated unit, a panel. 
Openings such as doors and windows are easily provided by inserts 
in the panel castings. An entire apartment building containing 
hundreds of family units of two to six rooms each may comprise 
only four to five basic panel types. The building will require 
no framework or skeleton even though it may be up to sixteen (or 
more) stories in height, speed of erection is astounding."
Adding from our own experience within the last 10 years: "Labor 
requirements are considerable simplified by highly repetitive 
job use of skills most of which can be learned within a couple of 
days. The discipline imposed on planning by mass production opens 
new and timely avenues of social consciousness for Architecture 
and construction."
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Fig. 23 5tack Extrusion - Spancrete - 5an-Vel Plant 
7. SURVEY OF PROJECTS BUILT
At this time not all projects can be mentioned here. Only 
the ones which brought significant advances will be des­
cribed . Fig. 26 Parkview Apartments
.1 ACADEMY HOMES.I:
1963-64 comprised 202 units in the form of duplexes, 
flats, and row houses (see Fig. 25) on a steeply slo­
ping site. Site precasting versus plant fabrication 
was tested and with it four different type of hollow 
core slabs and a solid posttensioned room size slab. 
Connections were by the conventioal european "dowel 
type" passive connection and in very early stages by 
weld plates.
Weld connections were extremely unsatisfactory from an 
appearance point of view, did not have enough "give" 
for temperature, shrinkage and creep movements and ac­
cordingly cracks resulted.
The finally adopted "passive" dowel connection proved 
structuraUy adequate but had major disadvantages in 
production, transportation and erection. Bracing was 
necessary until all grouting was completed and the 
grout was set; tolerances even if amply given.
Fig. 25 Academy Homes I
.2 PARKVIEW APARTMENTS:
1965 (see Fig. 26) 1st highrise building with 305 units. 
All previously gained experiences were taken into ac­
count from the planning stage on. To reduce required 
tolerances to a minimum, the dowel connection was com­
pletely abandoned in favor of posttensioned connections. 
Practically no bracing is required, improving quality 
to such an extent that even though 1 in. topping was 
provided for, the owner omitted it after the floor con­
tractor assured him that he would not require topping 
for the installation of tile floors. Erection time 
was cut by a factor of three, and efficiency increased 
to 90$ as previously pointed out. Changing from dowel 
connections to a posttensioned connection suddenly sol­
ved many production and erection problems and was used 
ever since.
.3 CORAL BEACH:
1968- 1969 (see Fig. 27) 3 to 8 story buildings about
400 units - complete job training of unskilled crew for 
production and erection.
Fig. 27 Coral Beach
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.4 ONE BOOKHOLLOW PLAZA:
1969-70 (see Fig. 28) A high rise building - 16 stories - 
1st time system was adapted for office building use.
Fig- 28 Brookhollow Plaza One
.5 DAVENPORT RESIDENCE:
1969-70 (see Fig. 29) High rise Apt. building, Y shaped 
plan layout, introduced spandrel beam to eliminate 
plank movements that may be caused by differential tem­
perature .
PROJECTS
Fimkas System of Modular Construction
Built and Occupied •• Under Construction In Working-Drawing Stage •*** In Preliminary Planning
State Stories Name Location Owner/Sponsor Architect Units
3 ft 4 Academy Homes I Boston-Roxb ury 
(Mass.)
Building Service 
Union (FHA)
Carl Koch 
ft Assoc.
220
3 ft 4 Shaw Gardens New London 
(Conn.)
Shaw Garden 
Realty (FHA)
Carl Koch 
ft Assoc.
120
8 Park View Apts. Winchester
(Mass.)
Berndt Realty Williams ft 
Paige
385
3 ft 4 Westminster Courts Boston-Roxbury
(Mass.)
Development 
Corp o f America 
-DCA- (FHA)
Carl Koch 
ft Assoc.
84
3 to 9 Academy Homes II Boston-Roxbury
(Mass.)
DCA (FHA) Carl Koch 
ft Assoc.
400
3 to 6 Coral Beach Freeport-Grand
Bahamas
Coral Beach Ltd. Harold Goldman 214
16 One Brookhollow 
Plaza
Dallas Brookhollow Corp. Paul Rudolph
3 ft 4 Northern Canal Lowell, Mass. DCA (FHA) Don Stull Assoc. 258
3 to 8 Coral Beach Freeport-Grand
Bahamas
Coral Beach Ltd. Harold
Goldman
200
" 8 Davenport
Residence
Hamden, Conn. (FHA - PHA) Weinberg.
Teare
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5 Fort Lincoln Washington. D.C. Redevelop, ft 
Land Agency 
(HUD)
Harry Wfcese 120
3 ft 9 Roxse Housing Boston-South End 
(Mass.)
DCA (FHA) Arch. Collab 364
2 Lewiston Housing Lewiston, Me. Turnkey (PHA) Carl Koch 
ft Assoc.
154
10 Brunswick Housing Brunswick, Me. Turnkey |PHA| Carl Koch 
ft Assoc.
100
13 Rockland Towers Dorchester, Mass. Turnkey (PHA) Williams ft 
Paige
82
4 Boston Infill Boston. Mass. DCA (FHA) Don Stull Assoc. 1000
7 Edge wood Terrace Washington, D.C. Mid City Dev. 
Corp. FHA 
NHPA
Pard Team 610
20 Elmwood Plaza Detroit. Mich- Detroit Housing 
Authority (FHA)
Carl Koch 
ft Assoc.
204
”
3 ft 4 North Harvard Boston. Mass. Interfaith
(FHA)
Pard Team 212
9 Fountain Head Framingham, Mass. Andrew J. Lane 
Realty
Williams ft 
Paige
605
*** 6 to 18 Lanai Suites 
ft Towers
Freeport-Grand
Bahamas
Coral Beach 
Realty Ltd-
Hatcher
Assoc.
1500'
3 ft 4 Dwight Renewal New Haven, Conn. N.H. Redevelop. 
(FHA)
Roth ft 
Saad
48
10 Oneonta Housing Oneonta, N.Y. Oneonta Housing 
Authority (PHA)
Den Hartog 120
8 ft 20 Sheldon Square Hartford, Conn. Omniform, Inc. M. N. Crabtree. 
Assoc.
276
4 ft 8 South End 
Housing
Roxbury-Boston
Mass.
Interfaith (FHA) Huygens ft 
Tappe
266
14 Quincy Adams Quincy, Mass. Quincy Adams 
Realty
Don Stull 196
3 Fort Lincoln Washington. D.C. Redev. ft Land 
Agency (FHA)
Harry Weese 220
22 Tai Tung Village Boston. Mass. DCA (FHA) F. A. Stahl 218
32 Lewis Wharf Boston. Mass. Waterfront 
Develop. (FHA)
Carl Koch 
ft Assoc.
1000
14 Arverne New York. N.Y. State Housing 
Authority (FHA)
Carl Koch 
ft Assoc.
600
TOMORROWS BUILDING PRODUCTION
From our point of view the system as developed so far must 
be considered as part of a continuous process. Each job 
done adds to knowledge and knowhow and must be exploited 
correspondingly for the following project. The desirable 
goal is a building system using industrialized standard 
components compatible with 20th century production meth­
ods and technological advances to allow better housing at 
a lower cost.
Tomorrows buildings must be made of fireproof, relatively 
soundproof, durable materials, preferrably hard, rot-pro 
of, and stable as well as having quality to be easily for­
med, mass produced into useful components. Hence ccncrete 
will further be of importance. Plastics are being experi* 
mented with but do not yet perform structurally and do not 
have a fire rating yet.
In the near future a transition of our actual concre 
"plastic corcrete" will occur. It will be lighter a 
stronger, having strength characteristics comparable 
steel and to concrete in all other respects. Cement 
binder will be replaced by epoxies, rock aggregates 
placed by plant manufactured aggregates made of ceme 
paste and autoclave cured.
te to 
nd 
to 
as
be re­
nt
Building production will be performed by a team, comple
with Sociologist, developer, finane ing agency, Architec
Engineer, material supplier, fabric ator , erector. Who
will lead this team? A mana gement group,► grown up and
f amiliar with an industrial vocabul ary.
Fig. 29 Davenport Residence
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CA3J5 STUDY AND ANALYSIS OF A LOW 00ST MOUSING PROJECT IN AN 
URBAN AREA IN INDIA
3/# *#P. Purusothaman and Jawalker K« Sridhar Rao
SYNOPSIS
An urban development project involving residential and 
school buildings as an extension of Madras city is described*
The analysis of the project is made using the systems approach 
as a problem of human settlmnents. The methods adopted fbr effi­
cient utilisation of apace at optimal ooat by functional plan­
ning, use of prefabricated units and use of new constructional, 
procedures is described. The interrelationship between environ­
mental, technical, social, cultural, psychological, economic, 
financial and management factors in making decisions for the pro­
ject is discussed.
INTRODUCTION:
In low cost housing projects there is a need to get inno­
vative solutions by considering the totality of the problem.
There is also a need to review experimental housing projects and 
analyse various interactions.^®^ This would be helpful to evolve 
more meaningful solutions in the future to tackle the oomplex 
problem of low cost mass housing. In emphasizing the role of 
"total planning,"  Duckminister Fuller says that life in this 
planet is a total environment comprising of men, resources, ideas 
and possibilities. The present case study is intended to show 
how some possible solutions can be iterated by considering sys— 
toaatically the overall problem and interrelationships between 
various elements.
In the past few years repatriates of Indian origin have
been arriving from luma in several groups and attempts have been
c fmade to house them in urban and rural areas ATemil Nadu in Southern 
India 3ince the language and social customs are somewhat similar 
(although it calls for adjustments). The project under discussion 
is to bouse 600 such repatriate families in the periphery of the 
city of Madras which has a population of about 2,300,000. The 
project is treated as a problem in Urban Systems ihgineering 
which considers technical, social, cultural, psychological, eco­
nomical, financial and management aspects. Residential txuildings 
and school buildings are included in this case study to show the 
considerations in arriving at design solutions and the need for 
attesting construction methods hitherto not used in Madras.
The role of aided self-help in housing schemes is discussed. Based 
on the analysis of similar bousing projects in India, it is shown 
that the systems approach can result in more meaningful solutions 
and about 30-40 percent reduction in oosts. The resulting hou­
sing groups planned in this project are in harmony with adjacent 
neighbourhoods and modem living in technological age.
* Senior Research Associate, HRS Project CSSB, Dept. of Civil 
J&igineerlng, Indian Institute of Technology, Raipur-16. Assis­tant Professor of Civil Engineering on leave from College of 
Jtogineering, Cuindy, Madras - 23, India.
** Assistant Professor of Civil Engineering, Indian Institute of 
Technology, Raipur - 16, India.
BNVIRONMfiNT A.3P3CTS OF TH l. PBO E L M :
The city of Madras is situated on the sea coast at a lati­
tude of i^°N. It has a temperature range of 80°-120°F, very 
high humidity, intense sunlight and heat throughout the year and 
heavy rains in the monsoon. Unds and gales of high velocity 
up to 100 mph have been recorded. However, it is not in the earth­
quake region of the country.
The site allocated for the housing colony by the Housing 
board of the state government, is on the periphery of the city 
and is a low lying area hitherto used for fanning. The area is 
waterlogged in the rainy season fbr an average depth of about 12". 
The soil is expansive d a y  which badly cracks when exposed to 
sun and is highly cohesive when wet.
Because of the large distance (about 10 miles) from the 
core of the rspidly growing city, the city water supply, 3ewage 
and storm water systems coulc^iot be used or extended. The water 
available at site was not palatable. jiLectric pov/er supply wu~. 
available at site. A well maintained asphalt road passes through 
the site connecting Madras city and ilahabalipui’am, (a place of 
relegious importance and tourist attraction about 30 :;iles away 
from the site).
SOCIAL. CULTURAL AMD PSYCHOLOGICAL ABPnCTd:
It is problematic to rent bousing in the city bwCa.s.? of 
hifcji rents and social conditions. 'The problems are similar to 
those faced by minority or special groups.^ There are no cul- 
tural centres, markots and schools within a radius cf tv» r.ilss 
from the site. A sr.iell village of 100 house, and s_.a:i scale 
industries are in dose proximity of the project site. Lost of 
the repatriates were of the middle inoome business group while 
they were in Burma and were repatriated to India wit lout their 
savings and material possessions. However, the families were 
highly motivated in their aspirations to upgrade their situation 
by starting small scale industries and business with whatever 
help the government gave. Hence the planning of housing had to 
take care of possible extensions within the site alloted to them 
(60' x 40')* Besides this, the size of families varied from 3 
amnbers to about 8 manhers.
rrWAHCTAI. ASPECTS:
The finance fbr rehabilitation is given by the state go­
vernment which amounts to Rs. 3,000/* (» $ 400) per family for 
the actual construction of house on sites of 40* x 60' laid out 
in grid pattern and given to them through the housing board.
Finance for water supply, power lines and sanitation were forth­
coming. The prevalent oo at of buildings is about Ro. 22.50/sq.ft 
(3 $/sq. ft) fbr conventional construction at tadras.
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MAKAGBASm? ASPECTS:
The repatriates manage their affairs through a ooopera-
tive society of their own. H t h  the limited Hinds available, 
the cooperative society sought the technical help of the college 
of Engineering, Madras fbr solving their low oost mass housing 
pro hi am. The enviroimental and structural aspects were planned 
and a model residential house and community building were succe­
ss fully erected under the supervision of the first author. The 
systems analysis of the project was completed with the help of 
the second author and the mass production of the buildings ij 
being undertaken by the cooperative society through structural 
and construction fin~.s. Help was also sought from Rotary clubs 
to hiild the design models.
3Y3TE..3 APPROACH TO 1113 PROBLill:
The housing problan posed many challenges. The problem 
was considered in its totality and the participation of archi­
tects, engineers, building science specialists, management ex­
perts and philanthropic agencies was required to help these faoi- 
liee in starting a new life. Thus the project takes the form of 
aided self help enterprise and voluntary help was t a k e n . ^ ^  A 
visiting architect from U.S.Ayir. J.3. Castopolous helped in 
evolving plan for cora.unity center, schools, markets etc.
.Problems of industrialised housing axe discussed in refe­
rences (2) and (4). The systems approach to buildings and other
problems is discussed in references (1), (5) and (6). Urban Sys-
( 3)terns Engineering is an merging discipline.' Project reports 
on lo■.*. (7, b, 9, 10) cost housing schemes were also studied. Some 
Indian projects were investigated from references ( 12) and (13).
The detailed study of the above references provided the 
basis for planning the project. The essential interactions bet­
ween components of a low cost housing project are shown in fig. 1. 
The phases of a industrialised housing project and the basic 
cycles operative in such a process is shown in fig. 2 adapted 
from the one given by Asimow.^^
#hile the systems concept is the basic fabric on which 
this rgsort is Ixiilt up, the decisions taken are intuitive in 
nature, the associated value systems are subjective and only a 
part of the information generated and used is objective. Keep­
ing the interaction chart in Pig. 1 an the betsie, the followizg 
technical decisions were taken.
H.V>I L r H-«CI 3IC 1*3 s
The materials of construction chosen were reinforced con­
crete and bricks because of environmental and oost considerations. 
The conventional low o>3t housing in Madras city consists of plain 
concrete fboting, brick basement, brick masonry load bearing 
walls and brick terrace roof on timber joists. These show exten­
sive cfacking vdien founded on erpansive day. The waterlogging 
pro d o n  in rainy seasons demanded the use of high basements and 
the poor soil requires the use of deep footings, all contributing 
to disproportionate foundation oost. Storm water drainage for 
an area of two square miles, the l&yir^ of permanent roads in 
the water logged area deserved attention. The construction of 
an derated ooncrete water tank to hold 30,000 gallons of water 
and pumping of water from tube wells situated a mile away from
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the site were considered. Plushout latrines for each house with 
combined septic tanks for ten houses were proposed. At least 
five light points per house and a plug point were decided. Mate­
rial chosen fbr doors and windows was wood and glass was avoided 
because of oost, excessive light and winds.
Considering the social and cultural aspects, schools, shop­
ping centres, cultural centers, hospitals were planned to be 
tuilt and integrated with housing. A tenq>le with parks all mound 
it was also planned. The generation of small scale and cottage 
industries was oonsidered. In trying to find out how much space 
was required for an average family (five members in this case), 
a participative planning session was initiated with the actual 
users, from this it vtc.a concluded that the families could be 
satisfied with the building of a core unit of 250 sft. initially, 
with facilities for future erpanaion when money is available.
Large families had to be satisfied with ooabir.ed bed/dining/liv- 
ing area with the kitchen and W.C. separated by interior walls, 
while others required fully partitioned conventional houses with 
various areas physcially separated. The prefabricated mass hous­
ing concept had to allow the above flexibility in choosing the 
proper structural scheme. There was no response for community 
living in multi-storeyed apartments.
At the prevailing rate and with the finance available, 
an* area of 135 sq. ft per faimily could be provided while a 
minimum of 250 sq. ft was desired without sacrificing strength, 
durability and utility. A feasible solution was eventually ob­
tained for the houses and school buildings (f were separately 
provided) within the stipulated cost thus obtain-*^ 40 per cent 
reduction in prevalent cost by using nok.-n concepts of planning 
and construction methods.
roNCTIOHAL AMD STRUCTURAL PLaUNIKG nSCI3I0H3:
A solution was finally iterated upon, wherein a square 
flat slab roof with cantilever overhang, wir— w directly transmits 
the load to the foundation through the fbur R.C. columns. Light­
weight partitions to suit individual requirements were planned. 
Since wall spaces could also be used fbr storage it was decided 
that R.C. shelves could themselves act as partitions conbined 
with minimum brickwork to accomodate doors. j&ccept fbr bath and 
bed rooms, interior doors were avoided. An entrance cbor in front 
and a rear door were proposed. Hat slabs with square arrange­
ment and cantilevered from interior oolumns (kept to a minimum 
in this ease) are structurally efficient to take partition loads 
also. To avoid heavy basement brickwork and fbundation settle­
ment for this waterlogging prone area it was decided to have a 
flat slab fbr the conventional ground fLoor. Tins the solution 
iterated to two fiat slabs (15* x 15' ) supported on 4 oolumns 
spaced 10* c/o and 4 column footings; with the exterior and in­
terior walls built as required fbr different families. The 
above concept permits prefabrication by lift slab techniques and 
allows the ground floor to be away from the ground by 3' to 4' 
or more so that dampness in a waterlogged region oould be avolded- 
Soae families even preferred a gap of 6' between the ground and 
the floor so that in dry season the bottom apace oould be used
by children fbr playing and such other Incidental uses. The 
v "andah and steps are planned to be precast as a unit with sup­
port on separate foundations with 9*' brick wall at one end which 
need be shallow, functional planning decisions are shoiei in 
Fig. 3 with all relevant details fbr the residential building.
The use of flat slab avoids beans requiring costly formwork and 
reduces the height between floor and the xoof which is selected 
as 8' to reduce cost of brickwork, plastering.
On the other hand fbr the school building, a hexagonal 
plan form was used by the architect so that it could be also con­
verted into a comnunity cultural center in the evenings. Also 
extensions of this f b m  fbr shopping centers, health centers are 
easily obtainable by use of hexagons arranged in honeycombed pat­
tern as shown in Fig. 4. In terms of spatial utilisation fbr 
schools it is efficient and the area of 450 sq ft can be parti­
tioned for different purposes. The central portion had a venti­
lator for exhaust. lb:d.p.diB has also indicated the advantages 
of thi3 form/16  ^ The roof was planned to^a sloping one so that 
it is a center of attraction and also helps drainage. As show 
in fig. 4, precast portals with braces and tie beams at founda­
tion level were assembled with cast in situ foundation blocks 
and bolted. To reduce fonnwork costs and to obtain tensile mem­
brane effects, a thin welded wire mash 6'• x 6» • of diameter 
(3 gauge) with a layer of chicken mesh ( 1/2*» gap) to serve as 
fonnwork and reinforcement fbr the 2'' thick R.C membrane roof 
was provided, with the bottom plastered. About 20 per cent of 
the concrete with 3/4'* aggregate laidontop of this mesh falls 
through and was reused again. The self weight of the roof re­
sulted in a membrane shape of good structural efficiency.
PLANNING FOR COi-ijJRJOIlON:
It may be recalled that modern advances in building cons­
truction is based on mass production. The 15' x 15' flat slabs 
can be orroast at the site of the oolony and transported me­
chanically and connected to the four oolumns and erected with a 
10 ton crane. The shear and moment connections are made of steel 
inserts. If the precast units are readily available, the foun­
dation work which is just 4 pits fbr eaoh house oould be started 
in the morning and the basic structural oore oould be erected an 
hour or so. The exterior brick walls and interior components 
could be added by a separate team. for fOO houses, this *>proach 
is ideal for mass production and fast oomplstion of the houses 
fbr occupation as compared to conventional methods used in Madras 
city.
SCOITOMC Aii’TCTi:
Low co3t mass housing in developing countries has been 
notorious for poor functional utility, low Airability and poor 
standards. However the poesibilities die to mass prediction, 
inreivativo planning and design oould be exploited fbr economy.
The fill scale models erected proved to be costlier by 20 per cent 
than the estimated oost of Ra. 13 per sq. «.  This is because 
of nonavailability of const ruction machinery and non mass pro dic­
tion orientation which requires use of Bkilled labour. The final
rediction was planned to be around 40°^ of existing costs. Better 
buildings were obtained which ware aesthetically appealing besides 
being safe and durable. Economy was achieved by removing mate­
rials from unwanted places and using them where they are required 
for functional and environmental considerations. The dead load 
has been out to a minimum oonsistent with materials used.
ADDITIONAL CRITERIA:
Aided self help housing has been suggested fbr housing 
in developing countries.^ in the planning of the bousing pro­
ject, this was kept in mind and only the structural skeleton was 
prefabricated and considerable opportunities were provided for 
contributing unskilled labour by the sepatriate families, students 
and the community. The model of the school building was erected 
with the help of students and staff with a minimum of skilled 
labour. Hth the technical and organisational assistance, con­
siderable progress in low oost housing fbr motivated communities 
can be planned.
OCU?ARISON iHIH OTHSR HOUSING PROJECTS IN INDIA;
The Hnu 3ing Board of Madras oity which is a quasi-govern­
mental agency, had number of bousing projects in urban develop­
ment pro grama es. However, the ortho C3 are quite traditional and 
tbs oost of construction works out to As. 20/ sq. ft appro­
ximately* Recently there is a factory being constructed in Madras 
for producing lightweight building components. Fbr a desired rate 
of atleast lOOO^touses- pCer annum for c i t i e s ^ u n l e s s  systems 
concepts are used fbr building, the problem of housing becomes
more critical.
The housing projects under Calcutta :ietrojolitan xl.aiuu.ng 
Organisation have assistance from Bird foundation ^
A universal concrete panel systan is adopted based on the use 
of modular prefabricated concrete panels fbr roofs, walls and 
floors which can be handled by workmen skilled in traditional 
techniques. Manual handling of components with simple levers 
and pulleys have been considered. This system easily accomodates 
variations in plan and elevations, and future expansions on 
self-help basis are feasible. The oost works out to Rs. 11/sq. 
ft* ( tj $ per sq. ft) but is not feasible fbr waterlogged areas 
and places where severed environmental conditions exist.
CONCLUSIONS:
In this paper it is shown that a systems approach to mass 
bousing in an urban enviroment, which incorporates available 
knowledge in many disciplines, can result in the following advan­
tages:
1. The buildings can be erected more quickly with a snailer 
labour fbroe at site.
2. Buildings are lighter in weight resulting in savings on 
materials and foundation.
3. Better insulation and with Improved systems of layout, 
spatial planning ventilation and plumbing, the houses are
223
sore suitable fbr human occupation. Low aost need not be 
at the cost of conveniences, quality, function, efficiency 
etc.
4. dean and healthy surroundings pleasing to the aesthetic 
sense can he obtained at a ooat within the means.
5. Systems approach coordinates the participation of many 
interacting elements to achieve eoonomy and fulfillment 
of needs in a housing development project (ELg. 1). In 
this case stu^y it is found that the oowritiwatta*. of 
functional planning, structural planning and construction 
methods, yields economical solutions.
6. The role of aided self help is more important in the solu­
tion of housing problems.
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IMPACT OF PLANNED POLICY AND SOCIOLOGICAL 
FACTORS ON LOW COST HOUSING PROGRAMMES:
By
D. R. Sikka*
Next to food and clothing, proper housing is one of the 
primary necessities of life. It might be that the necessity 
for mass scale housing in a generally warm climate is not 
felt so important as in a cold climate, even then, it is ob­
vious that the living standards can not be maintained in the 
present day civilization, without proper housing accommodation.
A housing programme cannot mature successfully unless the 
house-types adopted (both in regard to accommodation and con­
struction) are related to the economic, social and physical 
conditions of the country or district. Happily, in warmer 
climates many activities can take place out of doors. Build­
ing can be simpler and where there is provisions for outdoor 
living indoor space may reasonably be smaller than, say, in a 
temperate or cold climate.
The question of house-type is not solely a matter of pro­
viding hygienic conditions; certain minimum social require­
ments must also be met. They must provide some degree of 
privacy and amenity - thus making the house a home rather 
than just a shelter. Such housetypes will also depend on the 
wealth of the country as a whole, on whether the house is in 
a congested town or in a rural area and also on the climate. 
INTRODUCTION
We are on the eve of big developmental changes in India. 
Industries are growing up, everywhere for the production and 
economic uplift of the people Major and multipurpose projects 
in river valleys involving huge capital, are also initiated for 
augmenting food production and power requirements of the 
society. In considering these developments, we must always 
keep in view housing. Any project that is planned, should in­
clude good housing for all its workers during and after con­
struction, also amenities, like social welfare centers, child­
ren’s education, their playgrounds, etc.
It would be a good thing if a certain sum was set aside 
from the profits of such gigantic coramerical enterprises, every 
year for housig and amenities. This should not be looked upon 
as a philanthropic gesture, but as something necessary for the 
social well-being of the people working there and, therefore, 
for their greater efficiency and effectiveness.
We must, of course, pay full attention to the sanitary, 
drainage, water, lighting and other facilities. These are 
even more important than a roof. There is no reason why we 
should put up ugly and unsightly structures because they are 
meant for large number of people who might not be very well 
to do or rich. Grace and beauty are not really expensive and 
if slight extra expenses are involved, it is worthwhile. The 
environment in which people live and children grow up affects 
them powerfully. In any major housing programme in the country,
•Secretary, Control Board for Major Projects, Madhya Pradesh Government, PHOPAL: (INDIA)
there has to be full co-operation between Governmental author­
ities and the public. Laws and rules and regulations of 
municipalities should be such as to encourage building.
HOME AND SOCIOLOGICAL FACTS:
A home, however, is not just the matter of a bare shelter 
at one end of the scale, or a setting for luxurious living at 
the other. It is something much more subtle than the mere use 
of bricks and mortar and concrete or the luxury of marble and 
gilding. It is essentially a man-made environment for human 
living. As such, it must not only provide for the varying 
physical needs of each stratum of human society, but must also 
make possible the realization of aesthetic, moral and human 
values if each family is to weave within its environment of 
living, sleeping and recreation, the fabric of a home life 
worth the name. Many there will be, among the poorer classes 
of society, to whom a decent, servicable shelter formed of four 
walls and a roof would mean all that there minds could desire 
in the shape of a home. Others there will be to whom all the 
luxurious qualities of spacious planning, rich treatment, ele­
gant and ample furnishing, costly trappings, and the most de­
sirable of amenities that progressive building practice and 
science can provide in the form of, say, hot and cold water 
on tap in modernistic bathrooms, air-conditioning, refrigera­
tion, cooking by gas or electricity and indirect lighting to 
whom all these and many more would really mean the comforts 
and qualities of a livable home. One could therefore very 
well defind a "home", a harmonious relation of the three 
primary qualities, or the trinity, of utility, structure and 
aesthetics. A well-known architect has pointed out that 
every house has two sets of costs. One is the cost to build.
The other is the cost to own. The cost to build is determined 
in advance. The cost to own is indefinite. It cannot be 
paid in advance. It continues as long as the house is kept 
habitable.
OUTPUT OF NATION DEPENDS ON BETTER HOMES:
We cannot improve the working conditions of the masses 
and consequently the output of the nation is a marked degree 
unless we improve their working environment. Be they factories, 
workshops, offices or any other places where people toil to 
earn a living, these having to be so planned and related in a 
scheme of things that work is more a pleasure than a task, 
efficiency is induced, output increased and labor discontent 
elimxnated. Clashes, both theoretical and practical between 
the so-called interests of capital and labor need not arise. 
Strikes and disturbances need not menace the well-being of 
society and the economic and political fabric of the nation. 
SUITABLE MATERIALS AND RESEARCH FOR CONSTRUCTION TECHNIQUES:
Fortunately, the supply of substitute materials which can 
be used in building construction such as clay, sand, earth,
secondary species of wood and agricultural and forest waste the pocket of that sector of the society for whom, these were
are plentiful in India. What is required is to develop methods meant.
and research so as to make them technically and economically NEED FOR A STRONG POLICY
usable in housing construction. With this aim in view the The question therefore, arises as to what'should be the
need for building techniques and methods of increasing the policy to keep pace with the growing population for providing
effective use and production of local building materials, these intensive facilities for the common man and the society
deserves to be given attention at the highest policy making as a whole. While comparative disparaties in respect of area,
level in each State. location, type of building and the accelerating facilities
Economy in construction can also be achieved by adopting would always remain, it would be necessary to provide for a
proper designs of dwellings. As materials account for a very well oriented programe for construction of such houses, by
large part of the total cost. Furthermore, even the labor demarcating keeping in view environmental requirements, zones
costs can be reduced to a minimum by the adoption of methods or regions in the country. These in turn, would have classifi-
of aided self-help. cations of type designs of houses for the various categories,
The cost of land is another important element in housing and ceiling of cost/area basis to suits the various ranges
costs in the case of urban areas. Land prices have risen of income of the society.
enormously in recent years. In some large towns, the cost of The principle that every body must have a minimum living
land constitutes as much as 25 per cent of the total housing area either constructed by him or by the State has to be
cost. This points to the need for the control of land prices accepted. Low cost has relative meaning. While person earn-
or the adoption of other measures for making land available ing on the high side can afford a house of better specifica-
at low cost. Serious consideration to the problem of urban tions and more amenities, yet the cost of construction may
land policy which has, therefore, such an important bearing appear to be low to him, while for the other it may appear
on housing and community improvement. to be high. The need for standardization for accommodation
Science in this age has revolutionized the outlook and plans for the above demarcated zones, is therefore, the basic
conditions of society. This means we live at a different necessity and this may only be done by undertaking by proper
tempo to that of the past, with often different and certainly economic and evaluation studies by a high powered body like
more complex needs, and with a changing pattern of social a State Housing Board.
existence and activities. After the above policy and organization has been created,
But while our needs are different it would be most un- the foremost question would be who should finance the program
wise to do away with tradition altogether. The contribution and undertake the program of construction.
of our* past civilization has been far-reaching and significant. Assessment of population need of the zone, standardization
While perhaps not strickingly visible today in material form, of construction units and prefixation of the areas of these
the spirit of classical influence may still be discerned. The construction activities would not only help in the long way
same is true of present-day progressive India in relation of speeding up the program but also in estimation of the
to the traditional influences of old. finance necessary.
Likewise, we can not improve the health conditions of On Major River Valley Projects and other Industrial Pro-
the masses unless we provide them with wide and well-laid-out jects housing has a different aspect also, that of permanent
open spaces as lungs in populous cities and towns; unless we type and of temporary type is required during the construction
make their environment clean, sanitary and refreshing to mind, phase. The former can be costlier obviously while the latter
eye and body; unless we build good hospitals, not only many in cheaper. In a developing country where millions dollars worth
number and varied in scope, but clean and efficient and cheer- of projects are being taken, it should be essential to plan
ful; and unless we give them also clinics, homes and sanatoria out low cost housing program during their construction phases,
and other facilities - so that not only treatment and cure but to keep the overall cost of construction as low as possible.
timely, helpful and sympathetic guidance may be available to In village, we see even a mud hut lasts for several years,
the sick and the ailing in body and in mind. unnecessary strong and rigid specifications should not be en-
The irresistible conclusion, therefore, is that as in couraged unless warranted by climate requirements or by the
most other matters, the realization of the goal of adequate capacity of the people to pay the same. The sociological,
housing is very much a matter for the people themselves. While physical environments and the above approach for the finance
steps must be taken to provide as much cheap finance as poss- program if given shape of a sound policy could do wonders.
ible, the greatest contribution that a Government can make INCIDENTAL FACTORS:
appears to lie in an earnest attempt to lay down a strong The question is "What percentage of one's life income
policy for housing and also to discover techniques and mater- should be spent on a house either in its construction or in its
ials which will make the cost of building low so as to suit hiring. Similarly, what percentage of States' revenues should
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be spent on housing programs in the social sectors. GUIDELINES OF PLANNING:
The foremost item is the assessment of total requirements 
of the houses, required for the community. But then, will it 
not be necessary to have the census of population of human beings 
as well as of the houses in every city/village of the zones 
referred to above, as a part of the Governmental program as 
without proper statistics no action could be correctly pro­
grammed. At present, the housing activities are left gen­
erally at the initiative of the private persons only. Nobody 
knows even the exact number of houses which are existing.
TRANSPORTATION A VITAL LINK:
In a way, the location of area where one would live and 
its connection to areas where he has to work is a very vital 
and integrated problem. Transportation is thus a vital issue.
It is obvious that the requirements of transportation like 
adequate roads, electric underground working trains, sub-ways, 
tube railways, mono-railways , running round the clock are 
connected with the housing sectors.
The other relevant factor is the speed and the time of 
construction in which the housing facilities could be pro­
vided for a particular index of population with adequate pro­
visions for the gradual increase in population in these par­
ticular zones.
CLASSIFICATION FOR POPULATION:
In this activity, it would, therefore, be perhaps essen­
tial to classify the population of the zone into bachelors 
or single units, junior or young family members and grown 
up family units and the retired ones and old ones and so on.
The problem would however, arise, if an ownership is to be 
transferred as one shift6 from one class of accommodation to 
another, according to 1he increasing size of his family in­
crease in income, aspirations for better standards. An effec­
tive legislation for this purpose would be very necessary to 
ensure smooth hand over and take over in such cases without 
causing a liability which would disturb the balance of equil­
ibrium of the cost of house visa vis his income.
The administrator, engineer, architect and all those
responsible for planning and implementation of housing programs
all thus confronted with various problems as indicated below:
(i) Whether the house is built for urban or rural conditions;
(ii) Whether it is to be built by skilled labor or by the 
unskilled labor of a family or a group of families in 
cooperation;
(iii) Whether it is to be owned by the family living in it or 
it is to be rented;
(iv) Who would be responsible for its maintenance;
(v) The way it's construction is financed and ultimately to be 
recovered from the owners/tenants;
(vi) Its useful life;
(vii) New, or better services can be provided - sanitation, 
water-supply, drainage, etc.;
(viii)The social life of a community may be bettered by the
organization of a social center, educational facilities, 
market, play ground, etc.;
(ix) Reduction of congestion by removal of dilapidated and 
dangerous structures;
(x) The low standard of economic and domestic life in villages 
which can be improved by, among other things, better 
housing. This includes such amenities e.g. smokeless 
kitchens, proper latrines, adequate ventilation and work­
shop space for occupational needs;
(xi) The environmental sanitation of the villages should be 
improved by providing services like water supply, drain­
age, paving, lighting etc.;
(xii) To improve the economic condition of village people, 
their normal gainful occupations and cottage industries 
must be made gradually more efficient. Simple, but 
more scientific devices and processes must be evolved.
This applies not only to agricultural implements, but 
also to such cottage industries as brick-making, lime­
burning charcoal-making, bamboo-work, weaving, tanning 
and leather work, and so on;
(xiii) Disseminating information on the correct use of local 
materials. The materials like the ones mentioned be­
low for immediate investigations;
Lime, pozzuolanas, gypsum;
Bamboo;
Bricks and burnt clay tiles;
Soil;
Thatch;
Brick and soil flat roofs; and 
Timber and timber products;
(xiv) In building houses, particularly when there is little 
money available, the human aspects of design should 
receive at least equal consideration with the technical; 
designs should therefore, be based on a sympathetic, 
yet realistic understanding of the way of life and 
problems of families being housed.
(xv) Pre-casting Techniques;
(xvi) Transportation, location and land problems.
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CONSTRUCTION METHODS FOR LOW COST HOUSING
By
A. M. Mahajan*
The rapid growth of population and Migration of people 
from villages has resulted in growing the cities and towns 
bigger and bigger. The demand for houses also naturally 
increased and it has now become the problem for many nations 
to meet out the housing demand. Under such compelling de­
mand for more houses and more housing sites, there is an in­
creasing pressure on urban lands. Since the housing projects 
are to be carried on large scale, the balance should be struck 
between the resources and the cost of construction. Naturally 
it would be the aim of every planning body to achieve maximum 
turn out with limited resources. This creates the need of 
low cost housing.
Generally the following three factors have the consider­
able influence on the economics of low cost housing as they 
are directly related with the cost of the house.
1) Cost of land suitable for housing.
2) Cost of construction.
3) Cost of services.
1) Cost of land: The urban land values are increasing with 
growing demand for it. Naturally the house on such plot will 
cost more. It is necessary to attempt to reduce the cost of 
land per house so that housing will cost low.
This can be achieved by:
(a) Economical layout of land: The skillful and well 
thought layout based on the provisions of bare 
minimum standards will reduce the waste of land 
under Roads, lanes, open spaces etc. Provision
of Road width and length as per actual requirement 
will save the land. This will also save in the cost 
of development. Thus more houses would be accomodated 
in a unit land, bringing down the cost per house to 
the minimum.
(b) Plot size and open space around: The housing sites 
shall be utilized in a most conservative way. Big 
plot with vast open spaces around the building shall 
be avoided and only the spaces required for ensuring 
adequate light, ventilation, access, children play 
etc. shall be provided. Small plot means less cost 
per house. The loss of space could be avoided by 
resorting to group housing. Four to eight houses 
can very well be grouped together without loosing 
their privacy or independence.
(c) Vertical development: The land is not fully utilized 
if only ground floor structures are built over it.
The ratio of cost of land to cost of house goes on 
decreasing with the storaged construction. In other 
words the land cost is divided on the number of
♦Deputy Engineer, Vidarbha Housing Board, Amravati Maharashtra,
India
storyed houses over it. Thus the land cost per Unit 
house is reduced.
The storyed buildings not only save in cost of land 
but the cost of construction per house also gets reduced. The 
reduction is cost is as illustrated below.
Type of building Reduction in cost
Ground floor Nil
Two storyed 10 to 15%
Three storyed 15 to 20%
Four storyed 20 to 25%
This is true only up to 4 to 5 storys. Beyond this limit 
the cost of construction increases on account of heavy foun­
dations, stronger construction, provision of lifts, storage 
tanks, pumping of water, complex design etc.
The storyed buildings with *+ to 5 storys only will also 
limit the population density of the residential area.
(d) Floor space limit: The floor space index shall be 
as high as possible for intensive use of land. The 
floor area allowed to the dwelling units per family 
under different categories shall be reduced without 
disturbing the happiness and utility of the house.
2) Cost of construction: The cost of construction depends 
on the following factors.
(i) Design and planning of work.
(ii) Material used for work.
(iii) Labor available for work.
(iv) Time required for work.
(i) Design and planning is achieved through following:
(a) Standardization: Design of the houses shall be 
standardized for different categories. This will 
save the time required for planning and designing.
Also the expenses on Architects advice every now and 
then would be saved. The houses of same design with 
asthetic view would create harmony in construction. 
There would be ease in supervision and construction. 
Once the structures are standardized, the components 
could be prefabricated on large scale which results 
in low cost of construction.
(b) Extraction of floor space: The space under walls, 
columns, footings, etc. is wasteful in floor space. 
Hence as far as possible such floor space shall be 
extracted by using thin sections of walls, thin 
partition walls, ceiling beams etc. A common wall 
between two houses i.e. semidetach construction would 
provide an extra floor space equal to area under wall. 
Thus for the given or required floor space the total 
area of the house will be reduced. Also the floor 
space per person may be kept minimum while designing 
the sizes of rooms.
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(c) Flexibility in Utility: Rooms shall be planned and 
designed in such a way that they may be useful for 
different purposes. A removable sliding or folding 
partition between dining and living room of equal 
width will provide a big hall after its removal or 
shifting from position. Study room, hobby room or 
play room etc. shall have separate access to bath so 
that whenever required it can be used as guest room.
(d) Spit level and Mazanine floor design: If ground 
floor structure only is to be constructed with 
flexibility in use of accomodation split level house 
shall be constructed. In such design the house is 
divided in three levels. The low level rooms shall 
be used for childrens play, hobby, study garages, 
store etc. The middle level shall be reserved for 
kitchen, dining and livng. The high level floor 
shall be utilized for bedrooms. The rooms heights 
for lower and high rooms shall be 7*-0" to 8'-0". 
Where the land has different levels or slope this 
type of construction can be most popular. Even in 
other cases the area between building footing below 
ground level can be utilized as low level. In this 
design extra floor space is derived at little extra 
cost. Moreover the bedrooms at higher level enjoys 
the privacy with easy stairs with only 5 to 6 steps.
Similarly in storyed buildings by providing mazanine 
floors the floor space can be increased at a little 
extra cost. The provision of mazanine floor lies in 
a skillful design. The house shall be designed in 
two parts. The sketch shown below is of a building 
with ground and first floor.
The left side comprises of full room height of 
11'-0". The right side portion is provided with 
mazanine floors. The floor no. 1 and 3 will be 
utilized by ground floor and first floor dwellers 
respectively. Floor no. 2 may be divided in two
parts front and rear and will be utilized by both 
the dweller as extra space.
(e) Structural design: The research carried out in the 
structural analysis should be put into practice where- 
ever they effect economy in material and cost. The 
Author has studied the results of reinforced roof 
slab in which according to the basic principle of 
design brickwork is done on tension side and a layer 
of cement concrete was provided on compression side
in a simply supported slab. The slab is standing in 
position without any bad results. The construction 
is definitely cheaper and economical. Similarly 
use of steel bars embedded in masonry in rich mortar 
found strong enough to take load above it at open­
ing thus eliminating the lintels completely.
(f) Provisions: The inside doors except at entrance, 
exist, bath, closet and bed many very well be dropped 
and only openings are provided for internal communica­
tions by providing curtain to obstruct view. In
case of R.C.C. slab extra finishing will serve as 
flooring for upper story thus separate thickness 
of flooring is eliminated.
(g) Material used for work: Cheaper S stronger material 
available locally shall be used in construction.
Other main building materials such as steel, cement, 
etc. shall be made available by the government at 
the most reasonable cost. Once the design and 
pattern of the house is standardized, the components 
of the structures can be prefabricated. Prefabri- 
eation saves in labor and waste of material, also 
quality of the produce is maintained since the pre- 
fabrication can be done in a factory under strict 
supervision. Housing work on large will require 
mass quantity of material so that mass production
by machines and plants will bring down the cost of 
material and prefabrication. A thin plastic sheet 
(may be colored) shall be fixed on the inside face 
of walls which will replace inside plastering and 
finishing. The cost will be comparatively less.
(iii) Labor: Ths labor charges in construction work are 
about 15% to 25% to the cost of house. Since this 
is quite sizable amount, any reduction in labor will 
reduce the cost of construction. This result can be 
achieved by making extensive use of plants and 
machinery and by employing skilled labor with mon­
opoly. The perticular gang of labor shall be used 
for only one type of work e.g. the bricklayers should 
not be asked to do plastering work. Thus labor 
societies for particular type of works should be 
established and they should be provided with jobs 
all the year around. With the surety of job, the 
labor becomes cheap.
ass
(iv) Time is the most important factor which affects the 
cost of house. The work done timely will save the 
builder from infrustious expenditure. There should 
not be lapse of great period in development of land 
and construction of house as taxes may eat away some 
portion of cost. Neither it is advisable to take up 
construction on a plot which is not developed as the 
transportation of material, water supply for con­
structions etc. would be difficult. So also in 
execution of work it is not desirable to stop work 
for want of funds or availability of material. During 
the period of stoppage, expenses on establishment
are to be incurred without any turn out. This 
causes increase in cost of construction.
3) Cost of utility services: Higher the density of popula- 
tionlower is the cost of providing utility services, per 
house such as water supply, drainage, electricity, roads, 
transport, telephone, gas etc. Skillful layout of services 
within the residential area by the local development authority 
will cost the house low. In a storyed building common stair 
would serve the purpose with economy in cost.
Thus low cost housing will be possible by balancing the 
cost per house for land, construction and services.
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MODULAR HOUSING
By
Herbert Behrend*
A new system of human habitation is in the making, and 
its spearhead is modular housing.
What is modular housing? A module is a volumetric unit 
of measure for regulating proportions. Volumetric units 
become integral parts of larger functional structures and 
make use of their proportional measurements. Modular hous­
ing is a larger housing complex, wholly designed from its 
smallest detail to its entire setting into a harmonious 
environment where recreation and quality of life have their 
place.
Qualities become most obvious through comparison. The 
following chart compares volumetric units with conventional 
two dimensional panel construction and one dimensional stick 
built housing.
COMPARISON OF BUILDING METHODS
A *  10 
B -  7
C - 4 
D -  1
1.
----------------------------------------
A va ilab le  Manpower A B C D
2. Production Capacity A B C D
MANPOWER & CAPACITY 20 14 8 2
3. Speed o f Construction A B C D
4. Turnover o f  Capital A B C D
SPEED & TURNOVER 20 14 8 2
5. E ffect o f  Climate A B C D6. Manpower E ffic iency B A c D
7. M aterial UseAJaste B A c D8. Cluster F le x ib il it y B A c D
FACTORY ENVIRONMENT 31 37 16 4
9. Mass Purchasing A B C D
10. Package Financing A B C D
Subtotal, COST PER S.F. 91 79 40 10
11. Aesthetics /Appearance D C B A
12. User Acceptance D C B A
13. In te r lb r  F le x ib il ity D C B A
14. Durability/Depreciation D C B A
15. SHIPPING D C B A
GRAND TOTAL 96 99 75 60
RANKING 11 I III IV
HistoricalJLy, the building method to produce housing on-site by con­
structing roof and walls, stick by stick, Is the oldest method, and 
most ingrained with sociological values. Stick built housing has 
superior durability, low depreciation factors, good interior flexibility,
•Director, Planning and Consulting Services, Mobile Homes 
Manufacturers Association, Chicago.
and i t s  user acceptance, its  aesthetics and appearance rates highest 
of a l l  types o f  housing at this time, however, its  cost per square 
foot is  r is in g  so fast that within  fifte en  years -  I  venture to say -  
only a small minority o f our population, perhaps fifteen  .percent, 
w ill  occupy th is type o f housing and by far the m ajority, perhaps 
85 percent, w i l l  liv e  in modular housing, mobilehoraes and some sort 
o f p re -fab  bu ild ings.
P refabricated bu ild ing methods employ to a large extent two dimensional 
panel construction. This type of build ing method is most advanced in 
Europe and the Soviet Union. In the United States most so ca lled  pre- 
fabbers went out of business. I don’ t believe -  contrary to many who 
have returned from the ir  over-seas excursions -  that two dimensional 
panel construction has potentia l as a building method to solve our 
housing needs because i t  applies half-measures and does not fu l ly  
explore factory environment, speed o f construction and mass purchasing.
I  be lieve  that the future in housing lie s  with volumetric units. It  
is an American phenomenon that, while no one wanted t ra i le r  type housing, 
an entire  industry grew up unnoticed and produced hundreds o f thousands 
of dw ellings, year a fte r  year, for m illions o f fam ilies. Of course, 
they lived  in  t ra i le r  parks near c ity  dumps, behind ra ilroad  tracks 
and other undesireable locations, but, h is to r ica lly , here began the 
success story o f volim etric units. In other words, the t r a i le r  of 
yesterday,, the mobilehome o f today, and modular housing o f tomorrow 
are only d ifferen t manifestations o f  the same phenomenon.
In the above chart, an attempt has been made to grade four d ifferen t  
building methods using fifte en  different c r it e r ia . The assumption 
has been made that a l l  f ifte en  c r ite r ia  have equal value and that the 
entire valuation is comprehensive. Both sim plifications have been 
Justified  on the basis that a more detailed break-down and a more 
comprehensive scope produce the same results by compensating each other. 
Accepting these assumptions, the chart provides evidence that modular 
housing ranks highest. Its  p ro file  shows ten Inherent q u a lit ie s  which 
are worthwhile to study further.
1. A va ilab le  Man Power. It  is  a fact that our sk ille d  labor pool 
is  diminishing in number. This is a problem a l l  bu ild ing trade 
unions face today. Their members scarcely work under roof 
in a factory environment. However, other unions step in and 
provide manpower. In pa rticu la r, the mobilehome industry 
suilntalns a large labor pool. S ign ifican tly , their factories  
are not located in metropolitan areas, but, in smaller c it ie s  
throughout the country. This means that their labor pool is  
located outside problem areas but solves problems inside such 
areas. In other words, our big  c ity  problems are not being 
compounded by creating s t i l l  more Jobs and greater housing 
needs by build ing housing factories within metropolitan areas, 
but, rather, within three hundred miles o f la rger c it ie s .
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2. Production Capacity. At the present time, production capacity
is  available within the mobile home industry. Last year more and a constant evolutionary renewal is  possible fo r a portion
than 412,000 mobilehomes were produced which represents more o f a c luster in a system.
than one-third o f  the to ta l one family market and more than Im plicit with cluster f le x ib i l it y  is the potential of develop­
one -fifth  of the total o f a l l  dwelling units including con­ ment of new forms of architecture and urban design. As we
ventional one family homes, conventional m ulti-family apart­ speak o f higher and higher densities for urban areas, the need
ments and mobilehomes. These figures indicate a sh ift from for new forms is  essentia l. Solutions must be found which
conventional construction to modular production. Economies preserve ind iv iduality , d iversity , privacy, and security; that
o f scale w ill appear and penetrate the market. So far, lead to better organized and more understandable designs; and
double sh ifts are not the rule in most factories and factories that y ie ld  a new and more satisfy ing  aesthetic experience.
in general have not reached sizes conducive to economies of 
scale.
9. Mass Purchasing. We think of mass purchasing as a means to
reduce cost, but we also experience a change of values when
3. Speed o f Construction. The factor of time is a l l  important economies of scale are applied. Consider the variety available
in any undertaking, and speed of construction provides a in a modern department store, and compare i t  with ancient or
major saving. By the ab ility  to overlap the volumetric unit medieval market places. Mass purchasing doesn't need to
and s ite  construction cycles and to optimize each, large vio late principles of human individuality . Every individual
compression o f the normal building construction time is home owner may select his appliances, interior furnishings,
achieved. This is further improved by the refinements in the color of h is drapes and carpet without forgoing the
design which allow very rapid project planning and definition. economical benefit o f mass purchasing.
4. Turn-Over of Capital. Fast turn-over o f capital means a 10. Package Financing. Volumetric units constructed as large as
short cash flow period and large savings in project financing. practical are ideal for package financing. Cost reductions
Mobilehome manufacturers reach a high rate (up to forty times) are the resu lt. I t  appears that large reserves in reducing
of turn-over compared with other industries. Because o f costs are s t i l l  possible provided, however, that a ll above
separation of functional elements - volumetric unit, super­ mentioned qualities are applied simultaneously which finds
structure, u t i l i t ie s ,  and site  -  modifications, maintantance its ultimate expression in package financing.
and financing of each element may be carried out at its  own 
rate, thereby keeping abreast o f technical obsolecense to a
Low cost per square foot is the resu lt of simultaneous application of
degree that is almost impossible with traditional forms of
the ten qualities mentioned above. To lower costs is a l l  important
construction.
and beneficia l in many respects. One advantage is that more people
come within reach to enjoy individual ownership with a ll  its  accompanying
5. E ffect of Climate, The construction industries greatest respon sib ilit ies and satisfactions. Home ownership in a modular housing
handicap throughout the centuries has been the negative effect development means to enjoy the benefits from multi-unit management and
of climate. The rating on page two has been excessively maintenance without sac rific in g  privacy or space.
sim plified, but is s e lf  explanatory.
Individual modular units, lega lly  speaking, should be considered con­
6. Manpower Efficiency. The mobilehome industry has demonstrated dominiums, not apartments. Our government presently seems to favor
to increase manpower effic iency to such an extent that the high -rise apartment buildings and thereby seems to follow a traditional
low cost of mobilehomes is largely  the result of this Inherent European example. Europe, however, tends to move in the opposite
quality. Only approximately ten percent of the re ta il price direction toward condominiums. W ill the American public at large and
of a mobilehome is allocated to labor costs. in particu lar, the young in their present mood accept to become
7. Material Use. Less waste is the resu lt of greater technical
tenants? In the past, it  was their dream to own their home sim ilar
sophistication and refinement in design as well as other
to the kind the richer could afford . In any event, the buying public
qualities o f the factory environment. Large reserves in this
of today is sophisticated. They demand a richer l i fe  and that includes
area are s t i l l  available. Standardization of overall measure­
individual ownership of some amenities.
ments of a volumetric unit is  a necessity. To provide for quality  of l i f e  in housing means to provide space.
8. Cluster F le x ib il ity . Research should not only be limited
open apace, breathing space and a new liv ing  environment with unparalleled
to technical and economical aspects o f cluster f le x ib il it y ,
convenience, comfort and beauty. I t  Includes the potential sensation
but experiences in the fie ld s  of psychology, sociology and
of the following or sim ilar ac tiv it ies :
ecology should readily be integrated into a systems approach
. to take a bike ride down the wooded path
in factory environment. Cluster F le x ib il ity  is a dynmnlc
. to go to sleep vrithout nearby t ra f f ic  nolae
concept in as much as it  can readily  vary and change over a
. to have a patch o f green with a l l  privacy needed
period of time. Because o f the standardize voluoetric unit,
. to walk sa fe ly  around your neighborhood at any time.
period ica lly  improved designs w ill mesh with existing units Where do we find performance standards of this kind in our housing
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codes? Even our r ich est suburbs and subdivisions cannot claim to sa t is fy  
needs o f th is  kind e n tire ly . New communities must not be designed for  
autom obiles, but fo r people in which they fin d  f i r s t  of a l l  recreation. 
Perhaps we are returning to an ancient concept on a grand scale with  
a new system in housing.
Indeed, a new system o f human habitation is  in the making. Neither 
conventional stick  b u ilt  housing nor contemporary volumetric units 
su ffic e . Modular housing w i l l  succeed to produce a unique and p rac tic a l 
answer to the immense problem o f new housing.
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LOW-COST HOUSING:
THE NECESSITY OF INTERDISCIPLINARY SKILLS 
By
Margaret K. Thorpe* and Dwight D. Zeck**
"Can you help?"
A letter cane from a snail city far removed from metropolitan life:
The city is much in need of low-cost homes for either purchase 
or rental. The Chaaber of Ooeaaarce is interested in forsdng a 
development corporation for this purpose, but they need help, 
with the enlargement of our hospital facilities we have new 
personnel coming in and can find no housing for then. The ex­
odus from the cities is also causing a need for more homes. We 
are looking for a solution. Can you help?
Had it been the only letter of its kind, it might have said less. But
there were many, and each made it clear that a housing problem existed
— and that the people did not know how to initiate a solution. If you
were a concerned citizen or elected official, would you know? Would you
know who to call or where to go or how to mobilize the needed resources?
If so many are requesting help, why is so little happening?
First mentioned as a response is lack of financial resources. The avail­
ability of capital, however, depends upon the existence of a network of 
people capable of securing and utilizing it. To produce low-cost housing 
that is livable for residents and satisfying to society requires a diver­
sity of skills ranging from psychology to landscape design.
"Thirty-five separate specialties...could easily reach one hundred"
For exanplc, follow the process of developing Turnkey public housing, 
one source of the small amount of low-cost housing existent in the United 
States today. The first step is the organization of a local housing 
authority, which requires action by political leaders, local administra­
tive personnel, and an attorney. Next the authority must apply to the 
federal qovemment for a reservation of funds to develop the housing 
orcvioct. Preparing the application at the local level and verifying it 
at the federal level will involve demographers, economists, labor market 
specialists, building inspectors, housing inspectors, realtors, reloca­
tion officers, and social workers as some of the contributors. The 
xilitical leaders, local administrative personnel, and attorneys will 
continue to be involved.
once the application is approved, the private sector becomes active as 
selection of a tumkoy developer occurs and project planning begins, 
-ontributinq at this stage will be surveyors, soils enginsers, architects, 
landscape designers, structural, mechanical, and electrical engineers, 
financiers, real estate appraisers, and cost estimators. These private 
participants will interact with additional governmental personnel, in­
cluding zoning administrators, city planners, and municipal engineers.
As the project is further designed and evaluated, social psychologists, 
race relations experts, transportation planners, prospective tenants, 
home economists, and budget analysts are likely to participate. In the 
final stages of development, municipal bonding specialists will enter 
the program. And construction has not yet begun. Whan it does, the 
qeneral contractor and his sub-contractors, with their attendant union- 
represented carpenters, pliabars, electricians, cement masons, roofers, 
and iron workers, bacons involved. Cited in this process are thirty-five 
separate specialties and the list could eaaily reach one hundred if a 
single project were followed from beginning to end.
“Housing Specialist, University of Wisconsin, Madison, Wisconsin 
““Executive Vice President, Sunuita Corporation, Madison, Wisconsin
Private residential development involves lost of the sAme diverse per­
sonnel as the builder interacts with governmental agencies to secure 
necessary permits, and with financial institutions to secure capital.
Missing would be some of the socially-oriented specialists, such as race 
relations experts and social psychologists. Likely to be less directly 
involved would be demographers, economists, and labor market specialists; 
however, the builder of multi-unit housing developments may wall use 
information generated by them in deciding where and what to build. The 
creation of an individual single-family home would not require some of 
the technical personnel and craftsmen needed in larger projects. But 
low-cost housing, in quantities sufficient to meet the nation's housing 
needs, cannot be produced on a unit-by-unit basis. The trend is instead 
toward even larger developments than those which have been built in the 
past. Increasingly, thought runs to new coranunities— such as Reston, 
Virginia, and Columbia, Maryland— and to suburban subdivisions that are 
more than bedrooms to a central city. Such development may include new 
industries, shopping centers, schools, total water and sewerage systems, 
extensive networks of streets, open space, and mass transit systems, all 
as part of one integrated project. Even greater numbers of separate skill 
are required to produce such communities.
The desire to create new communities and large residential centers comes 
as a result of realization that the present system of producing housing 
on an unDlanned, small-scale basis has been unable to provide adequate 
shelter or to meet the required quantity of new housing construction. 
Familiar obstacles to large-scale production of residences in the United 
States arc the fragmentation in the home construction industry, and the 
chaotic network of local building codes and zoning regulations that nec­
essitate arbitrary design and materials specification. Less familiar is 
the institutionalized lack of coordination and fragmentation among the 
various agencies and specialized personnel required to produce housing 
on a large-scale basis. Along with the entry of larger corporations into 
residential building, and the efforts to create uniform codes, conscious 
action is needed to create an interdisciplinary aocial structure with a 
comprehensive approach to housing, without reorganization of essential 
human resources, society lacks the ability to guide successful large- 
scale residential developments.
"Exploration of obstacles essential to...remedy"
The need for a comprehensive approach bo provision of low-cost housing 
may saam so elementary as to ba unnacassary to discuss. Yet experience 
indicates that barriers to its achievement are formidable; exploretion 
of the origin of these obstacles is essential to understanding their 
significance and possible remedy. In the lata nineteenth century, the 
United States moved rapidly toward a highly coaqplex industrial society. 
Surrounded by constant change and expanding areas of concern, citizens, 
electsd leaders, industrialists, and aocial philosophers fait a declin­
ing sense of order in their lives. Moat were unitad in a desire for 
growth and progress, but were concerned that it should ba systematic. 
Efficiency and elimination of waste became the goals of a society that 
sought maximal production and miniaml conflict.
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Thoa* who sought order turned to science, seen as precise and systematic. of disinterested scientific objectivity led its pursuers to view private
as the source of esa^ile. To adapt technology's mathematical objectiv- entrepreneurs as self-seeking materialists. Traditional free enterprise
ity to social organisation was to achieve the ideal society. Social suspects that disinterested means uninterested. The effect; A fence of
philosophers such as John Dewey, Thorstoin Veblen, and Walter T ippmann suspicion between the private and public sectors. These barriers isolate
verbalized the popular sentiment. Said Lippoann: from each other social elements which must cooperate if low-cost housing
The scientific spirit is the discipline of democracy, the es­
cape from drift, the outlook of a free nan. Its direction is
is to be a reality.
to distinguish fact from fancy; its 'enthusiasm is for the 
possible'; its promise is the shaping of fact to a chastened 
and honest dream.^
"Research in Wisconsin... found specific difficulties"
Research conducted in the state of Wisconsin indicates that these insti-
Ihe jurist Oliver Wendell Holmes echoed Lippmann1s faith in scientific 
precision:
tutional and cultural characteristics form obstacles to comprehensive
action aimed at solving the housing problem. The proliferation of
Very likely it may be that with all the help that statistics 
and every modem appliance can bring us, there will be a comaon-
occupational specialties and governmental agencies was found to have led
wealth in which science is everywhere supreme. But it is an 
ideal, and without ideals what is life worth?2
to specific difficulties. First, few bodies have full responsibility in
housing. Many individuals, agencies, and corporations treat it as one
Emulatinq the structure of natural science in the social sphere meant portion of their job; others treat some aspect of housing as their total
classification of social functions into a system not unlike biological job. A broad perspective is usually missing. For example, the housing
and geological codification of plants, animals, and rocks. Each function inspector enforces the housing code, but gives little attention to per-
became a separate category, and generalists were discarded for nunssrous sonal problems of the resident of a substandard house. The social worker
specialists. Holmes told the Harvard Law School Association in 1886, whose client lives in the substandard house sees tne housing problem as
"I know of no teachers so powerful and persuasive as the little army of one of many problems faced by the client. Neither the inspector nor the
specialists."3 New occupational titles proliferated as the increasingly social worker has the responsibility or authority to deal with all of
complex society sought to reorder itself into a comprehensible system. the implications of even one substandard house--much less all substandard
Tne creation of narrow fields of activity, and a proclivity toward the houses in a community. The local housing authority, the one comnunity
practical and concrete, reduced the numbers of people able to view large agency whose only responsibility is housing, is concerned solely with
aspects of society comprehensively. low-income housing. Total residential development of tne community is
Only recently has this cultural direction been questioned. One hundred
not part of its perspective.
/ears of development of this nature has several implications for broad. Urban planning took its modern form during the same period tnat societal
interdisciplinary fields like housing. They are the institutional and shapes were drawn from the models of applied science and was conceived
cultural larriers to the achievement of the necessary multi-faceted as the field with broad conxnunity perspective. The practitioners
annroacn to the housing problem. Areas like housing require a Horizontal responsible for this broad perspective, however, have not included hous-
form of organization integrating several functions, rather than a vertical ing. A brief survey was made of thirty-five comprehensive plans prepared
form coverina different aspects of the activity. The obstacle; Such by eleven different private consultants and public agencies for various
areas now nave no trained leadership. As the narrow areas of activity Wisconsin communities. Only three of the plans gave detailed information
grew older and more permanent, the participants in each came to communi- about housing conditions; six did not even mention housing. Of tie
cat., more with each other than witn persons in other areas. Each field twenty-six others, eleven repeated I960 census data, and fifteen gave
ucveloped its own lanquage. Occupational organizations, from professional only the vague, general comments of a casual observer, of which the follow-
societies to labor unions, developed to perpetuate and defend each spec- ing was typical:
ialty. The barrier; Inter-communication became increasingly difficult. 
The application of precise classification to functions of government 
produced numerous agencies which likewise became entrenched and concerned 
with self-perpetuation. The roadblock: Each is now jealous of the
The few multi-family dwellings which exist are mostly converted 
single-family structures. Most of the homes in Sharon are old, 
but in good condition. Although there is ample room for antici­
pated future residential developments within the village, some 
new homes have been scattered in the outlying areas in recent 
years.4
responsibilities assigned to it and resists ceding of its power to new One study devoted eleven pages to parking needs, but made no mention of
structures. The cultural faith placed in scientists and engineers has residential requirements. Since the inclusion of housing in comnunity
tended to create anong them a disdain for those participating in less plans supported by the Department of Housing and Urban Development Section
exalted activities. Since the hope that an ideal society would emerge 701 Comprehensive Planning Grants, planning consoissions receiving such
as the result of science-like order has not been realized, non—technologists grants have begun work on residential needs. Section 701 initial housing
now blame those in whom the faith was placed for the failure. The result: elements submitted thus far in Wisconsin, however, ranged from a sixty-
A wall of poor relations between technologists and humanists. The ooal 
1 Walter Lippmann, Drift and Mastery, 1961 (Prentice-Hall . Engle-
six page printed prospectus with photographs, to a three-page mimeographed
wood Cliffs, N.J.), p. 151. (Originally published in 1914.) outline— clearly suggesting local officials' lack of certainty as to dir-
2 Oliver Wendell Holmes, "law in Science and Science in Law," in ection and responsibility. As will be discussed further, the perspective
Collected Legal Papers, special reprint (no date, no nuhlisher). 
as delivered before the New York State Bar Association, 1899, 
p. 98.
remains limited.
H o l M i , "The Use of Law Schools" in Collected Legal Papers, 
p. 51.
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Proa a comprehensive plan prepared for a Wisconsin village in 
1966 by a privets planning consultant, charitably left anonyioua.
Giving a second sign of tha effect* of eocietal specialisation on housing, 
each agency asked to consent on the housing problem answered in tens* of 
the interests of that particular agency. For example, a Cnmm unity Action 
Agency noted racial and ecanoaiic di serial nation, and welfare departaents 
cited low welfare allotaents for shelter. The housing elements prepared 
by planning cosaiissions placed attention upon local govemaent responsib­
ilities: dominant among iteas listed as obstacles to better housing were 
inadequate code enforceaent staffs, lack of county housing authorities, 
lack of cooperation among local agencies, lack of development codes and 
ordinances, and lack of water and sewer systems. None of the agencies 
contacted perceived the problems which face the hoaebuilding industry. 
Fragmentation was cited only in connection with governmental units in­
volved; private enterprise remained beyond their vision. All of the 
various causes suggested by respondents were unquestionably part of the 
housing problem, but each view remained isolated from the others because 
of the particular function of the source.
Communication among separate agencies in the saaie geographical area was
poor, a third indication of fragmentation's results for housing. The
Mississippi River Regional Planning Conmission stated:
At the present time, little cooperation and coordination of ac­
tivities concerned with housing in the region have occurred.
Officials of the Office of Economic Opportunity, Rural Cooper­
ative Housing, and the Farmers Hoae Administration all are in­
volved with housing in the area, but these agencies have not as 
yet been able to dovetail their efforts with those of other 
local agencies....5
The awareness of a given source concerned with housing about the work of 
others appeared limited. For exaaple, one county agency listed several 
persons who might have familiarity with a project of a particular cosmunity 
within the county, but did not mention the chairman of the local housing 
authority, known in the city as the prime sever of the project. Typical 
was the referral of one agency or individual to another; when the suggest­
ed source was contacted, that person would recosssend the one who had rec- 
oemended him. Neither had the information which the other guessed he 
might have. Local groups seeking to generate housing programs more often 
contacted state sources or like agencies in other coamunities rather than 
other local sources. The university systems presented a final scene of 
disciplinary isolation, perhaps a microcosm of tha total society. Only 
two faculty members at The university of Wisconsin are known to be con­
cerned solely with housing and attempting to view it in overall perspec­
tive. Both have been active for less than a year. Other individuals are 
involved with some aspect of housing, but do not collaborate with one 
another. They are scattered among the disciplines of urban and regional 
planning, extension education, engineering, sociology, hoaw econaaU.cs, 
law, landscape architecture, political science, agricultural engineering, 
commerce, and natural resources development. Asked to identify persons 
on the campus concerned with housing, two of the stats universities re­
ferred only to the director of student housing. Another cited a local 
real estate agent. Clearly, housing has not been recognised as academ­
ically relevant within Wisconsin higher education.
The existence of the U. S. Department of Housing and Urban Developeant 
and analogous state agencies might seem to contradict this picture of a 
fragmented approach to housing. Yet within these institutions, isolation
r
of one specialised division from another exists. Further, tension is 
known to persist between technical and non-technical personnel concerning 
Which group has the right of final decision. More likely, then, the 
creation of these agencies was a superiaposure of broadness upon a cul­
ture still pervaded by narrow specialisation, as seen at the local level.
The overall view which enlarges is that because everyone is part of the 
housing problem, no one is really part of the solution. Each of the 
isolated agencies and individuals continues working in his own specialty 
and thereby sees few results in solving the whole problem. The societal 
rejection of generalists for specialists created a network of institu­
tionalized barriers which have clearly hindered efforts in housing.
Housing has no trained leadership of wide perspective. The various 
specialists needed to produce living units do not communicate well with 
each other. Agencies involved with housing do not cooperate with each 
other. Tension exists between technical specialists and non-technical 
personnel, and between the private and public sectors. Old assumptions 
must be questioned and new directions found if the United States is to 
have an adequate supply of low-cost housing.
"Reorganization and cooperation of educational institutions, private 
enterprise, and government is essential"
Scientific discoveries of the last seventy years have taught the natural 
scientist that the physical world and technology required to utilize it 
are not the neat and orderly, black or white systems contemplated in 
1900. The present concern over the environment has brought to everyone's 
attention the complex interrelationships of separate elements necessary 
for successful functioning of the whole. The social system, however, 
remains structured upon examples derived from the old view of science 
and continues to use the methodology of that view in its attempts to solve 
problems.
Developing a society capable of handling broad, interdisciplinary issues 
like housing first requires a recognition that simplicity cannot be gen­
erated from complexity and that perfect order is a false, diversionary 
goal that leads only to fragmentation and isolation, and eventually to 
inability to function at all. Drawing analogies is dangerous; social 
organization must derive from human characteristics, not from mechanical 
ones. Yet even a machine cannot function when it is disassembled; if the 
society is to assemble the capability to produce satisfying low-cost 
housing, it must first rebuild the interdisciplinary world which its 
ordering and classifying forefathers took apart.
Perhaps the first step is to cease asking small children, "And what do 
you want to be when you grow up?"— as if there were niches to be chosen 
instead of challenges to be met. Though an extensive critique of the 
educational system is not possible here, certain general guidelines are 
essential to developing tha talent neoassary to solve the housing prob­
lea. Establishing interdisciplinary degree programs in housing or urban 
affairs is a first step. Such programs will succeed only to the degree 
that faculty drawn from the traditional disciplines abandon parochialism. 
If the economist comas to tha program believing that he will teach the 
architect the "real truth", a necessary breadth of perspective will not 
reach the student.
nest, the separation of general knowledge from specific skills should be
Mississippi River Regional Planning Cewlseion, "Initial Housing 
Element,” 1970, p. 6.
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re-examined. Liberal arts progri graduate generalists with little
preparation for activities in the outside world. Professional, technical. position, but who are clearly able to contribute. Such persons can bring
and vocational schools provide the opposite: training for the performance original and unexpected perspectives to the solution of complex problems.
of one specific occupational role. In fact, the people needed to solve 
the low-cost housing problem must have both in-depth general knowledge
Private enterprise must also recognize that issues related to the qual-
and specific skills. Further, specialized education should equip stu-
ity of life such as housing involve everyone. Creation of satisfying
dents with clusters of related skills rather than single proficiencies.
low-cost homes requires inclusion of the consumer and his needs and
Closely related is the importance of recognition by those receiving
desires in the development process. At present the bulk of housing
occupationally-oriented education that a degree in architecture or
research ana development is directed toward new materials, new methods
social work is no more final in the process of personal development than
of construction, and new management techniques. Firms capable of doing
a degree in history or English literature. Specialized training can be
housing research and development should include intensive involvement
a base for broader responsibility, just as general education can be a
with constsners of all housing types in order to plan residences that
base for a specific proficiency.
meet needs and desires. A two-month project conducted by The University
of Wisconsin - Milwaukee School of Architecture brought together residents
A final comment about educational philosophy related to the capability of areas slated for renewal to discuss and develop plans for their "ideal"
to handle the housing problem is drawn from the student movement and living environment.
involves a current cliche. Education must be "relevant". Classroom 
learning should be continuously mixed with comnunity and occupational
Government also reveals some indications of progress toward an interdis-
experience, even beyond cooperative programs where credit is received
ciplinary approach to low-cost housing, comnrehensive agencies such as
for work off campus. To quote one professor who has applied his know-
the Department of Housing and Urban Development have entered the concept
ledge to the housing problem in his comnunity. “Professors must stop
into governmental structure; understandably fragmentation and isolation
talking about national averages and start talking about local realities."**
continue to exist within them and need to ultimately be eliminated. At
Knowledge of general abstractions alone cannot be applied to reality; it
the local level, however, little change has occurred. Executive leader-
must be combined with specific information to be effective.
ship must bring together personnel concerned with housinq which are now
scattered through separate agencies. Where no agency responsible for
A good example of an educational development incorporating these princi- broad-based housing programs exists, the initial temptation to create
pals was a two-quarter graduate-level course, "Housing and urban Resource one should be avoided. Instead the existing, but isolated, individuals
Development," conducted at Stanford University. The program involved concerned with aspects of housinq should be assembled and encouraged to
twenty-two departments ranging from mechanical engineering to philosophy. work together to develop solutions.
and focussed upon social and physical characteristics of a real city. Private and public sectors alike have two additional responsibilities m
Y.i:> .indents applied both general knowledge ami specific skills in devel- developing societal capability to produce satisfying housing. The first
<-i..t cf a comprehensive long-range plan for San Francisco and made a is to create organization internal to an existing agency qeared to the
contribution to their community in the process.7 solution sought, rather than the skills required. Division of staffs by
Ahit about the rest of society no longer within educational walls? Both
specialized proficiencies inhibits accomplishment of goals that require
diverse talents working together. The coemunication problem is a second
private industry and government should be responsible for contributing 
to a social structure capable of meeting diversified housing needs. The
responsibility. The languages of each discipline must be translated into
terms understandable to the others. To avoid future institutionalization
orivato sector shows signs of moving toward groupings of specialists, 
firms employing architects, engineers, landscape designers, and urban
of a professional elite that cannot communicate with buildinq inspectors.
planners are becoming increasingly common. Corporations with diversified
from sophisticated technology must not be extended to the point where
abilities have entered the housing field, some as a result of the Depart-
its users cannot communicate without it. Phrases such as "transform an
ment of Housing and Urban Development's "Operation Breakthrough" program. 
As a specialist with one broad-based firm pointed out, however, "Housing
operational need into a description system configuration," "has stochas-
problems are at least as much social and economic as they are physical."®
tic inputs," and "schematic output-oriented activity-system" may mean
Expansion of these design groups to include sociologists, psychologists, 
educators, and other hinanists is still needed.
or the home economist, "if urban design is to become useful as a concept.
one writer said, "we must end its mystique and stop treating it as a
Corporations capable of producing livable low-cost housing need a coebin— wondrous remedy— administered in doses by an elite corp of professionals."
ation of generalists and specialists. Top priority in personnel selection 
should be given to individuals with a variety of skills, and also to
"Can you help?": "Yes."
talented persons whose training may not have a direct relationship to the
Low-cost housing requires a broad interdisciplinary effort. The histor-
ical trend toward narrow specialisation has ermated barriers to this
4 Mi 1 lan 1. Vuchich, speaking at the "Wisconsin Governor's Confer­
ence on Mission 70," Stavens Point, Wisconsin, August 19, 1970.
effort. The reorganisation and cooperation of educational institutions.
7 For further information on the program, see Bruce Lusignan and
privets enterprise, end government is essential if those barriers ere to
William n. Hafferty. "A Systems Approach to Urban engineering," 
Engineering Education. April. 1970. po. 811-814.
be torn down. Then it will be possible to say to the man who asks. "Can
® Robert J. Hartsfield, "The Process is the Product," Public Manege-
you help?": "Yes."
ment, June, 1970, p. 11.
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LOW-COST HOUSING THROUGH TOTAL PLANNING
by
Peter J. Hammond*
The term  "low -in com e" in the la rge  has replaced the title What does this mean? The FH A  Subdivision standards of ^  id or
"lo w -c o s t"  in describ ing  housing targeted toward a m ajo r segment of curvilinear street layout, specified street widths, setbacks and side
our population. The change has been rationalized that cost cannot be yards  are outmolded. Land is too valuable to be constantly consumed
"lo w " in today's housing market, nor should it be a factor in providing by auch locked-in  standards. The people and the community call for
housing for our le ss  affluent. something m ore pertinent to their wants.
A s noble as that thinking may appear, it is indicative of the To illu strate  the effects of F H A  housing standards, the follow ing
marketing problem s that beset the home building industry. These chart is presented. The Sale P rice  Breakdown indicates the percentage
problem s have so magnified during recent y ea rs  that the industry of cost contributed by the "D ire c t "  and "Ind irect" factors for a
admittedly has lost touch with the pulse of the people. S in g le -F am ily  House. A  com parison  of 1944 and 1969 percentage figu res
Today, through government intervention and subsidies, the points accusingly to the consequences of the rise  of "Ind irect" facto rs.
construction of housing is attempting a comeback. Is it possible? This rise  has driven  over 50% of the home buying public out of the
W ill goals be met? W ill housing again relate to the peop le 's wants? housing m arket.
The answ ers are  yet to come, but certain indicators point to a new
Sale P rice  Breakdown
housing industry that deserves a chance. A verage  S in g le -Fam ily  House 
(percent of p rice )
production of housing units at prices people can afford date back to the
D irect 1944 1969
decision of 35 yea rs  ago. The advent of the F edera l Housing
labor 29% 18% 
m ateria ls  45 38 
sub-totals 74% 56%
forth a new marketing concept. The Great D epression  had virtually put
Indirect
land 13% 21% 
other* 13 23
housing out of business. A vailab le  capital w as not sufficient to handle sub-total 26% 44%
all of the nation's needs. The housing industry could not find sufficient
*  other: Financing, Builder s Overhead, P ro fit, Other Expenses
economic resources to move forw ard. Source: F H A  Data Based on Data F rom  37 Cities
The F H A  provided that fisca l support. This singu lar governm ental
program  took the responsibility  away from  the hesitant banker, the
inadequately financed home seeker and the undercapitalized builder and The policies that have influenced the housing industry in m ortgage
placed it under the guidance and assurance of the federa l government. commitments and land use are  still active. Unless the industry com pletely
It worked! G reat progress w as made in bringing housing out of its drought. turns away from  these po lic ies the cost of "Ind irect" factors w ill continue
A  b rillian t idea that was highly applicable to 193 5 m arketing needs did the job to rise .
Now, in 1970, the effects of that program  still rem ain. Housing The chart showing the proportion of cost does not indicate the
is still dominated by that course of government sanctioned lending po licies. total growth of each individual factor. The startling reality  of the rise
The entire structure is a continuation of factors that relate to c rite r ia of "Ind irect" cost is evident when it is known that labo r and m ateria ls
that w ere established when the economy had to move upward from  rock costs have increased between 100 and 200 percent since 1944; yet, when
bottom. Today, with inflation and prohibitive cost, coupled with an m easured by their contribution to the total, they have dropped fro m  74
industry that can respond only to lending principles rather than people 's percent to 56 percent.
wants, housing sluggishly fa lls  further behind. What course should the housing industry take to bring back
The industry needs to throw off the old c riteria . The FH A which prices people can afford? To m ere ly  abandon F H A  standards cannot
aided the people in acquiring a home during the 30 's and 4 0 's, needs to be the complete answer. B r ie fly , the industry needs to establish  the
step away from  housing in 1970. The people have changed. The m arket, true value and worth of shelter as related to the wants of the individual.
too! The housing need is no longer a five room  house on a q u arte r-acre A llow  that sim ple c irterion  to dictate, and die product's identity w ill evolve
plot. Importantly, the people want shelter relevant to their 1970 choice A lre a d y , certain bu ilders in the apartment m arket have grasped
of living. this principle. Through surveys of consum er response, a number of 
bu ilders have arrived  at the development of apartm ent units assem bled
* A r c h i t e c t u r a l  M arketin g  A s s o c ia t e ,  R e s id e n t ia l  M arketin g  D ept. in com plexes with an assortm ent of available shared amenities.
Portland Cement Assoc. Skokie, Illinois
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T h e y  found that today’s consu m e r  wanted m o r e  than an apartment 
unit; he wanted a total environmental package. The individual of 1970 
looks for m o r e  in life than five rooms and a bath on a quarter acre. 
Recognizing this want and interpreting housing to satisfy it is the first 
awakening of the industry.
Through the "package" concept or the "total environment" shelter, 
individual cost figures can be brought d o w n  to a level at which the consumer 
can afford housing. Shared amenities such as s w i m m i n g  pools, golf 
courses, sauna baths, etc. . . with their expense defrayed a m o n g  a 
multi-unit complex is within the reach of the consumer. O n  a single-family 
h o m e  basis, it is impossible. Carrying this idea into land use has also 
cut cost. Clustering of h o m e s  with a cul-de-sac for entry m e a n s  less 
expensive street layout, utility lines and service requirements. The 
idea also leaves the adjacent land open and attractive for other income 
producing uses.
The combining of housing with other related c ommunity needs 
can aid the actual cost of housing. However, to date, this development 
has never embraced a "total" concept. To m a k e  the entire community 
complement housing's contribution requires an integration of public 
utilities, services, recreational, commercial, and industrial functions 
with a homogeneous transportation network. Only then can housing cost 
be driven d o w n  to a realistic point.
The governmental program, "Operation Breakthrough" initiated
by the Department of Housing and Urban Development, set forth nine 
1
targets for housing. The p r o g r a m  with its stated goal of increasing 
housing production and improving the quality of housing requested the 
following cooperative approach:
• Reduce the real cost of housing.
• Produce quality h o m e s  in volume for persons of all incomes.
• Rtducc the cost of subsidized needed low and moderate income
housing.
• Reduce urban tension.
Help achieve stable balanced communities through reversing 
city-suburb migration.
• Create housing industry with year-round employment.
Increase j°k and enterprise opportunities for minority groups.
• Encourage continuing innovation.
• H a v e  a favorable economic impact.
Importantly, the first target stated is to "reduce the real cost 
of housing". To achieve that, the pr o g r a m  has already put into motion an 
exploration of the cited target to "encourage continued innovation. " 
Proposals to substitute and introduce new materials, methods, products 
and applications are now receiving governmental support.
If "Breakthrough" is to b e c o m e  a success, the industry will have 
to shed the restrictive procedures that have contributed to the rise of 
"Indirect" cost. Innovative planning and land uses including clustering, 
complexes and stacking of living units are all being considered. Each 
of these ideas points to a total community plan and a lessening of the 
indirect cost burden on housing units. 
l“ H U D  N e w s  Release No. 69-0350, M a y  8, 1970.
The w o r k  of a n u m b e r  of architects on the total planning concept 
has gained attention f r o m  the public. Som e  involves design and structural 
proposals that approach "total" environmental living. LeCorbusier' s 
"vertical cities " and M o s h a  Safdies' Habitat in Montreal w e r e  attempts 
to relate individual living to a total "community" structure. A n d  now, 
factory produced volumetric units point to housing that provides m o r e  than 
just shelter but contributes to a total planned community that can be readily 
assembled.
Refinement in housing through the total concept plan will require 
all communities to face up to the problems of the cities. That will m e a n  
a grasp of the crises that currently face the central cities."Operation 
Breakthrough" as a p r o g r a m  understands the importance of this aspect 
but to date has only aggravated the situation by confronting communities 
on accepting "low-income" housing projects. This, again, see m s  to be 
the misguided approach, a disregard by even the government of a total 
community approach.
Planning mus t  not allow segmentation of units into "income" 
classifications. This is exactly what the F H A  loan and standards policies 
have fostered. This concept is no longer applicable to housing. Housing 
has to em b race all possibilities in shelter; not one income designation 
along, but a grouping of units by assorted cost range. There is no 
reason that units f r o m  low-through luxury-cost cannot complement 
each other within a community relationship.
Just as in other consumer fields, housing must offer a selection 
of models. A n  apartment complex can present a full price range of units. 
Collectively, they gather appeal w h e n  combined into a total community.
This removes the stigma of "income", the fear of large complexes of 
stratafied income housing and the deterioration of neighborhoods.
The housing industry must bec o m e  consumer-conscious. Only then 
will the people's wants find a responsive answer.
The total c o mmunity approach has been called "complexification" 
by Laurence Halprin. In his report "Ne w  York N e w  York", he asks for 
housing to integrate all aspects of influence on living. Through this, 
housing can be part of the total plan of a community. For too long, this 
has not been the case. Its d a mage is now evident. The social, economic 
and cultural aspects of life must aid the selection of a housing unit. The 
unit in turn must contribute to the progress of the whole community.
Through total planning - not only will shelter b e c o m e  m o r e  
relevant to the community and the individual, but its f o r m  will better 
relate to man's wants. T h e  choice of material will naturally follow its 
function. Presently, the choice of material is determined by economic 
precepts that affect its local availability. Construction of housing often 
follows a line of least resistance. Materials are selected on the basis 
of known qualities and acceptance. Very little concern is given to 
whether that choice is the best solution, or related to its function.
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In a structure that m ust answer to its relationship with the One m ateria l, concrete, stands ready fo r  this recom m ended change.
community, the selection of m ateria l, design and placement w i l l  follow As a m ateria l of the soil and local environment, its treatm ent can
a lo g ica l course. B etter and m ore innovative ideas w ill come forth. com plim ent the identity o f the structure and the community. The u se  of
The requirem ents of fire  safety and sound reduction fo r  shelter w ill be concrete as an expression  of relationship between shelter, recreation al,
recognized. The actual configuration o f each unit w ill follow the cultural and com m erc ia l facilities can be the n ecessary  m edium  of exchange
contribution it presents to better living within the shelter. This may A s  an industry, the concrete producers await the adoption o f total
mean that lo w -cost housing w ill serve as sleeping and eating units planning; they understand the challenge that faces them, and they w elcom e
dependent on community facilities for other aspects of living. In turn the task. C oncrete 's selection as a m ateria l to best fu lfill the functions
a " lu x u ry " unit may o ffe r  separate or sem i-sh ared  am enities for of safety, quiteness and security in shelter has no lim itation. The
distinction. Com m onwalls and carefu l placement of the units can provide industry rea lize s  that tom orrow 's  housing and communities w ill p resent
the n ece ssary  privacy for comfort. a new  w orld . The industry, also, understands that it must prepare fo r  
and adapt to the innovations, the new c rite r ia  and the changes the housing  
industry must m ake. What stands ahead is not only a challenge to a ll, 
but the hope for a m ore m eaningful tom orrow .
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